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FOUNDATION DESIGN METHODOLOGY: 

 

ALL FOUNDATIONS ARE DESIGNED BASED ON THE BROMS’ METHOD PER THE AASHTO LRFD LTS, 
SECTION 13.6.1.1.  BELOW IS THE LOADING DIAGRAMS SHOWN IN THE AASHTO LRFD LTS. 

 

BECAUSE THE FOUNDATIONS DESIGNED IN THIS PACKAGE EXTEND ABOVE GRADE, ALL REACTIONS 
FROM STRUCTURES SUPPORTED ARE CONVERTED INTO MOMENT AND SHEAR AT THE GRADE LEVEL 
BEFORE USING THE BROMS’ EQUATIONS.  ADDITIONALLY, BECAUSE SOME LOCATIONS HAVE SLOPING 
GROUND, WE HAVE INCLUDED ACTIVE PRESSURE AS AN ADDITIONAL FORCE DUE TO THE SOIL 
RETAINED BY THE FOUNDATION.  EMBEDMENTS ARE THEN CALCULATED FROM THE LOWER GRADE 
ELEVATION, THE LOWER GRADE ELEVATION IS TREATED AS THE GROUND LINE FOR PURPOSES OF 
CALCULATING MF AND VF.  THE CLASSICAL BROMS’ METHOD CALCULATES THE PASSIVE PRESSURE 
COEFFICIENT, Kp, USING RANKINE EQUATIONS SIMPLIFIED FOR A FLAT GRADE.  OUR ANALYSIS USES 
THE EXTENDED VERSION OF RAKINE’S EQUATIONS WHICH ACCOUNT FOR REDUCTIONS IN PASSIVE 
PRESSURE DUE TO A SLOPING GRADE.  SEE FOLLOWING SHEET FOR OUR APPLICATION OF THE 
CLASSICAL BROMS’ METHOD. 

THE GEOTECHNICAL REPORT (GEOTECHNICAL ENGINEERING REPORT: MG1 EARLY WORK ZONE AREA 
SIGN BRIDGE, CCTB TRAFFIC SIGNAL (CAMERA) POLE AND STEEL LIGHT STANDARD POLE 
FOUNDATIONS) STATES MAXIMUM ALLOWABLE LATERAL BEARING PRESSURES.  BROMS’ METHOD 
USES ANGLE OF INTERNAL FRICTION FOR DESIGN PARAMETER, WHICH DOES NOT ACCOUNT FOR AN 
UPPER BOUND LIMIT ON ALLOWABLE LATERAL BEARING PRESSURE.  IN ORDER TO BE IN 
CONFORMANCE WITH THE AASHTO LRFD LTS AND MEET THE CRITERIA PROVIDED IN THE 
GEOTECHNICAL REPORT, WE DEVELOPED A MODIFIED BROMS’ METHOD WHICH TAKES INTO ACCOUNT 
A MAXIMUM ALLOWABLE LATERAL BEARING PRESSURE.  SEE MODIFIED BROMS’ METHODOLOGY IN 
THE FOLLOWING SHEETS.  A DERIVATION OF BOTH THE CLASSICAL BORMS’ METHOD AND OUR 
MODIFIED METHOD HAS BEEN INCLUDED TO JUSTIFY THE METHODOLOGY. 

03-16-2021



L

G.D. Pa
Grade

G.D. = Grade Difference 

Pa = 1/2*Ka*γ(G.D.)^2*(Shaft Dia)

Load Factor For Active Earth Pressure = 1.5

Ka = (Cosβ-((Cosβ)^2-(CosΦ)^2)^0.5)/(Cosβ+((Cosβ)^2-(CosΦ)^2)^0.5) (Rankine Theory)

MF = M+VF*(Ht Above Grade+G.D.)+ Pa*(G.D./3)

Pp = (1/2)(L)(3γKpDL)

F = Pp - VF - Pa

Vu = VF+Pa

From AASHTO LTS:

G.D./3

M

VF

Ht Above Grade

β

D

SHAFT FOOTING DESIGN METHODOLOGY BASED ON
BROMS' METHOD, AASHTO LTS 13.6.1.1

Top of Grade Elevation

F

Pp

Pv

3γKpDL

Kp = (Cosβ+((Cosβ)^2-(CosΦ)^2)^0.5)/
(Cosβ-((Cosβ)^2-(CosΦ)^2)^0.5) 
(Use Expanded Rankine Theory for Slopes)

L/3
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MF

VF

L/3

P

L

3γKpDL

BROMS METHOD DERIVATION

P = 3/2*γ*KpD(L)^2

+ MBase = 0 = (L/3)*P - VFL - MF

                     (L/3)*3/2*γ*KpD(L)^2 - VFL - MF = 0

Dividing by γKpD throughout.

               L^3 - 2VFL/γKpD - 2MF/γKpD = 0

To determine point of 0 shear, z.

           Sum of Shear Forces (V) = VF - Ppi  = 0

VF = Ppi

Ppi =  (3/2)*γKpD(z)^2 

VF = (3/2)*γKpD(z)^2 

z =

MF

VF

Ppz
z
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+ Mz = 0 = -(1/3)zVF + VFz + MF - Mu

H = MF/VF also at z, Ppz = VF 

Mu = VF(z+H) - (1/3)zVF

Mu = VF(z+H-(1/3)*z)
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MF

VF

L'

P1

P2

L

q

MODIFIED BROMS METHOD

q = Maximum Allowable Lateral Bearing Pressure

P1 = 3/2*γ*KpD(L')^2

P2 = 3*q*D*(L-L')

L' = q/(γ*Kp)

+ MBase = 0 = (L-(2/3)*L')*P1 + 1/2*(L-L')*P2 - VFL - MF

                     (L-(2/3)*L')*3/2*γ*KpD(L')^2 + 1/2*(L-L')*3*q*D*(L-L') - VFL - MF = 0

Dividing by γKpD throughout.

              (3/2)*((L')^2)*(L-(2/3)*L')+ (3/2)(L-L')(qD(L-L'))/(γKpD) - VFL/(KpγD) - MF/(KpγD) = 0

              3*((L')^2)(L-(2/3)*L') + 3(L-L')(qD(L-L'))/(γKpD) - 2VFL/(KpγD) - 2MF/(KpγD) = 0

To determine point of 0 shear.

For z<=L' ,

For z>L' , See Below             
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Sum of Shear Forces (V) = VF - P1 - P2 = 0

VF = P1+P2

VF = (3/2)*γKpD(L')^2 + 3qD(z-L')

z = (VF - (3/2)*γKpD(L')^2) / 3qd + L'  

To determine Maximum Moment

For z<=L' , Same as Broms Method

For z>L' , See Below

+ Mz = 0 = -(z-(2/3)L')P1 - (1/2)(z-L')P2 + VFz + MF - Mu

H = MF/VF

Mu = VF(z+H) - 3/2(z-(2/3)L')γKpD(L')^2 - (1/2)(z-L')*3*(z-L')qD

Mu = VF(z+H) - ((3/2)z-L')γKpD(L')^2 - (1/2)(z-L')*3*(z-L')qD

   

MF

VF

L'

P1

P2

z

q

Vu remains unchanged from Classical Broms'

F = Pp - Pa - VF, Where Pp = P1 + P2
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AT END OF SPAN
CAMBER MAX.
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39'-1" OFFSET
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ELEV. 231.07

SSD-A07

SSD-A06

SSD-A06

SSD-A06

12" STORM LINE
PROPOSED
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E
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M
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L POSTC

LINE
EXIST GROUND 

SIGN 23-8

CL BOLTED SPLICE

CL SIGN

HORIZONTAL

 NORMAL TO BEAM
SPLICE PLATES

L POSTC

L
 
B

E
A

M
C

(BOT. OF BASE PLATE)

BEAM CAMBER DIAGRAM

H
 
=
 
17
'-

4
"

8
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0
"

24'-8"

SPAN LENGTH = 30'-8"

 

SEE DETAIL 1

-

SEE DETAIL 2

-

SEE DETAIL 2

-

SEE DETAIL 3

-

TO ¢ RDWY, FROM VERTICAL AT ¢ BEAM.

ERECT POST SET BACK 1" ±¼" TRANSVERSE 

CAMBER
3½" ±1"

H
E
IG

H
T
 

½
 
S
IG

N

NB I405 LINE

FINAL GRADE

ST-001

SIGN CANTILEVER

NB I405 STA 7634+43.00

ELEVATION

 SSD-A11

SEE SHEET SSD-A10 AND

FOUNDATION TYPE 1 CAP

V
E

R
T
. 

C
L
R
.

2
0
'-

0
" 

M
IN
.

1

2.2

LANE

12'-6"

SHDR

5'-3"

SHDR

10'-0"

MEDIAN

12'-0"

SHDR

6'-0"

LANES

36'-0"

ELEV. 237.74

S = 30'-8"

ý

LESS THAN OR EQUAL TO 5924 CU. FT.

SHALL BE 235 SQ. FT. AND   (XYZ) SHALL BE 

THE MAXIMUM SIGN AREA ON THIS STRUCTURE 

LOOKING AHEAD ON STATIONING

(TO REMAIN)

EXACT LOCATION NOT SHOWN, VERIFY IN FIELD

EXISTING ILLUMINATION CONDUIT.

"Z
"

CONFIGURATION

FORWARD COMPATIBILITY

POSTS (V) BEAM A (V) BEAM B (V) POST BASE (V) BOLTED SPLICE #1

"A"

1'-6" 2'-0"

"B" "T1"

2'-0"

"B"

2'-0"

"C" "T2"

2'-0"

"B"

2'-0"

"C" "T2" "D1" "S5" "S6" "T3" "T6" "S1" "S2" "S3" "S4" "T4" "T5"

1/2" 1/2" 1/2" 4.00 4.00 3" 3/4"5.00 3.00 5.00 3.00 5/8"

CANTILEVER SIGN STRUCTURE TABLE

2" 2-1/2"

NOTES:

4'-6" 12'-0"

FOUNDATION (TYPE 1)

SOIL CASE *

RIGHT

OFFSET

#9

SIZE ("X")

VERTICAL REBAR 

BARS ("Y")

NO. OF VERTICAL 

20

("Z")

DEPTH

CASE 5

ø

SHAFT

SHEET SN-23.

THE SIGN & SIGN STRUCTURE ARE SHOWN IN PLAN ON 4.

SHEET SSD-A01.

GENERAL NOTES FOR SIGN STRUCTURES ARE SHOWN ON 3.

SEG 1B DATED 09/28/2021.

GEOTECHINCAL REPORT MONOTUBE POLE STRUCTURES - 

* ASSUMED SOIL TYPE CASES ARE IDENTIFIED PER THE 2.

PLANS.

FOR REFERENCE ONLY PER ROADWAY, DRAINAGE, AND ITS 

ROADWAY, DRAINAGE, AND ITS INFORMATION SHOWN HERE 1.
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L= 30.67'

h1
=

 1
7.

33
'

I405 Renton-Bellevue Widening

Member Size Determination.
(1B - 7634+43.00 - ST-001)

h1 is measured from the bottom of base plate to the center of the horizontal
member.

L is measured as the center to center distance between the Vertical Members.

Signs Mounted on Sign Bridge:

1. SIGN NO. 23-8

Dimension of sign:

L = 18.5'  H = 8'

Area of Sign (A1) = L x H = 18.5 x 8 =148sqft

SSO

09-29-2021

PW/SJK

09-29-2021



Project: I405 Renton-Bellevue Engineer: SSO Project #

Widening Date: 9/29/2021 1906

Subject: Sizing of Sign Bridge Members. Checker: PW/SJK Page

Date: 9/29/2021

VMS sign? N Variable Message sign attached?

Total Span Length, "S" = 30.67 ft (Centerline of post to end)

Post Height, H = 17.33 ft (Bottom of base plate to CL of beam)

Sign Length, X = 18.5 ft

Sign Height, Y = 8 ft XYZ override for 2+ signs: 0 ft^3

Dist to CL of sign, Z = 21.92 ft

Total Sign Area = 148 sqft Area override for 2+ signs: 0 sqft

Post Data

Hmax, ft A, ft B, ft T1, in D1, in S5 S6 T3, in T, in

17.33 1.50 2.00 0.50 2.00 4.00 4.00 3.00 0.75

Beam A

L1, ft B, ft C, ft T2, in

6.00 2.00 2.00 0.50

Beam B

L2, ft B, ft C, ft T2, in

24.67 2.00 2.00 0.50

Splice 1

S1 S2 S3 S4 T4, in T5, in

5.00 3.00 5.00 3.00 2.50 0.63

This sheet will check WSDOT BDM Table 10.1.4-2 for an approved sign bridge layout, given the follwing design 

info:

camber, in

3.5

DESIGN IS POSSIBLE

CHECKING SIGN PLACEMENT

DESIGN IS POSSIBLE PER TABLES, SEE BELOW

HORIZONTAL MEMBER DIMENSION

B

C

T2

TOP OF SIGN
STRUCTURE

ERTICAL MEMBER DIMENSION

A

B

T1

FLOW OF
TRAFFIC

VERTICAL MEMBER DIMENSION



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B - 7634+43.00 - ST-001

Project Number: 1906 

Calculation By: ASJ Date:12/09/20

Check By:RJN Date: 12/10/2020

To Determine the Wind Load Acting on the Sign Structure.

As per WSDOT BDM 10.1.1 D, Basic wind speed of 115mph shall be used in computing 
design wind pressure using equation 3.8.1-1 of AASHTO LRFD Specifications for Structural 
Supports for Highway Signs, Luminaires and Traffic Signals.

The references pertaining to AASHTO refer to AASHTO LRFD Specifications for Structural 
Supports for Highway Signs, Luminaires and Traffic Signals hence forth unless mentioned 
otherwise.

≔Pz ⋅⋅⋅⋅⋅0.00256 Kz Kd G V
2
Cd AASHTO EQN 3.8.1-1

V = Basic Wind Speed (mph)

Kz = Height and Exposure Factor per AASHTO Article 3.8.4

Kd = Directionality Factor per AASHTO Article 3.8.5

G = Gust Effect Factor per AASHTO 3.8.6

Cd = Drag Coefficient per AASHTO 3.8.7

To determine Basic Wind Speed

≔V 115 mph WSDOT BDM 10.1.1.D

To determine Height and Exposure Factor, Kz

z = Greater of 16 ft or Height above ground at which the pressure is calculated.

≔h 24.65 ft

≔z =if

else

>h 16 ft
‖
‖h

‖
‖16 ft

24.65 ft

≔zg 900 ft AASHTO 3.8.4

≔α 9.5 AASHTO 3.8.4
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≔Kz =⋅2
⎛
⎜
⎝
―
z

zg

⎞
⎟
⎠

―
2

α

0.938

To determine Directionality Factor, Kd

≔Kd 0.85 AASHTO Table 3.8.5-1

Support with Horizontal arms or members supporting sign and/or signals.

To determine Gust Effect Factor, G

≔G 1.14 AASHTO 3.8.6
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To Determine Drag Coeffocent, Cd

≔Cdh 1.3 AASHTO T3.8.7-1

Assuming Cd = 1.3 for horizontal members to be conservative.

≔Cdv 2.0 AASHTO T3.8.7-1

Assuming Cd = 2.0 for vertical members to be conservative.
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Calculation By: ASJ Date:12/09/20

Check By:RJN Date: 12/10/2020

To determine Wind Pressure (Pz)  for Horizontal Members.

=Kz 0.938

=Kd 0.85

=G 1.14

=V 115 mph

=Cdh 1.3

≔Pz ⋅⋅⋅⋅⋅⋅0.00256 Kz Kd G V
2
Cdh psf AASHTO EQN 3.8.1-1

=Pz 39.995 psf

To determine Wind Pressure (Pz)  for Vertical Members.

=Kz 0.938

=Kd 0.85

=G 1.14

=V 115 mph

=Cdv 2

≔Pz ⋅⋅⋅⋅⋅⋅0.00256 Kz Kd G V
2
Cdv psf AASHTO EQN 3.8.1-1

=Pz 61.53 psf
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L=30.67'

h1
=

 1
7.

33
'

(30.67,17.33,0)

(30.67,0,0)

I405 Renton-Bellevue Widening

RISA Model Input 
(1B - 7634+43.00 - ST-001)

Loads Acting on the Sign Structure:

DL = 3.25psf distributed over 12ft tall sign structure = 3.25*12 = 39plf

LL = 0

WL = Wind Loading calculated from MathCAD * Trib. Area 

WL on horizontal members = Pzh * 12' = 39.995 * 12' = 479.94plf

WL on vertical members is distributed into two separate components:

BLn = Basic load normal to plane of the structure =  Pzv * A = 61.53 * 1.5' = 92.3plf

BLt = Basic load transverse to plane of the structure = Pzv * B = 61.53 * 2' = 123.1plf

IL = 3psf distributed over surface area of Members 

IL on horizontal members = 3*(perimeter of member) = 3*2*(2+2) = 24plf

IL on vertical members = 3*(perimeter of member) = 3*2*(1.5+2) = 21plf

h1 and h2 are measured from the bottom of base plate to the center of the horizontal
member.

L is measured as the center to center distance between the Vertical Members.

(0,17.33,0)

SSO

09-29-2021

PW/SJK

09-29-2021
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I405 Renton-Bellevue Widening

RISA Model Input 
(1B - 7634+43.00 - ST-001)

Load Combinations:

IL is assumed to be as a transient load and all loads applicable to LL have been applied to IL.

Strength 1:  1.25DL+1.6L

Extreme 1 (Max): 1.1DL+1.0W 

Extreme 1 (Max) Case 1: 1.1DL + 1.0Wh + 1.0(BLn)

Extreme 1 (Max) Case 2: 1.1DL + 1.0Wh + 1.0(BLt)

Extreme 1 (Max) Case 3: 1.1DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

Extreme 1 (Min): 0.9DL+1.0W

Extreme 1 (Max) Case 1: 0.9DL + 1.0Wh + 1.0(BLn)

Extreme 1 (Max) Case 2: 0.9DL + 1.0Wh + 1.0(BLt)

Extreme 1 (Max) Case 3: 0.9DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

Service 1: 1.0DL+1.0W

Service 1 (Max) Case 1: 1.0DL + 1.0Wh + 1.0(BLn)

Service 1 (Max) Case 2: 1.0DL + 1.0Wh + 1.0(BLt)

Service 1 (Max) Case 3: 1.0DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

SSO

09-29-2021

PW/SJK

09-29-2021
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Model Settings

Number of Reported Sections 5
Number of Internal Sections 97
Member Area Load Mesh Size (in2) 144
Consider Shear Deformation Yes
Consider Torsional Warping Yes

Approximate Mesh Size (in) 24
Transfer Forces Between Intersecting Wood Walls Yes
Increase Wood Wall Nailing Capacity for Wind Loads Yes
Include P-Delta for Walls Yes
Optimize Masonry and Wood Walls Yes
Maximum Number of Iterations 3

Single No
Multiple (Optimum) Yes
Maximum No

Global Axis corresponding to vertical direction Y
Convert Existing Data Yes

Default Global Plane for z-axis XZ

Plate Local Axis Orientation Global

Hot Rolled Steel AISC 15th (360-16): ASD
Stiffness Adjustment Yes (Iterative)
Notional Annex None
Connections AISC 14th (360-10): ASD
Cold Formed Steel AISI S100-16: ASD
Stiffness Adjustment Yes (Iterative)
Wood AWC NDS-18: ASD
Temperature < 100F
Concrete ACI 318-14
Masonry TMS 402-16: ASD
Aluminum AA ADM1-15: ASD
Structure Type Building
Stiffness Adjustment Yes (Iterative)
Stainless AISC 14th (360-10): ASD
Stiffness Adjustment Yes (Iterative)

Analysis Methodology Exact Integration Method
Parme Beta Factor 0.65
Compression Stress Block Rectangular Stress Block
Analyze using Cracked Sections Yes
Leave room for horizontal rebar splices (2*d bar spacing) No
List forces which were ignored for design in the Detail Report Yes

Column Min Steel 1
Column Max Steel 8
Rebar Material Spec ASTM A615
Warn if beam-column framing arrangement is not understood No
Number of Shear Regions 4
Region 2 & 3 Spacing Increase Increment (in) 4

Code ASCE 7-16
Risk Category I
Drift Cat Other
Base Elevation (ft) -999999
Include the weight of the structure in base shear calcs Yes

S1(g) 1

RISA 3D USED FOR ANALYSIS ONLY.
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Model Settings (Continued)

SD1(g) 1
SDS(g) 1
TL(sec) 5

T (sec)
T (sec)
Ct 0.02
Ct 0.02
CtExp. 0.75
CtExp. 0.75
R 3
R 3
Ω0 1
Ω0 1
Cd 4
Cd 4
ρ 1
ρ 1
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Nodes

Label X [ft] Y [ft] Z [ft] Temp [deg F] Detach From Dia…
1 N2 0 17.33 0
2 N3 30.67 17.33 0
3 N4 30.67 0 0

Boundary Conditions

Node Label X [k/in] Y [k/in] Z [k/in] X Rot [k-ft/rad] Y Rot [k-ft/rad] Z Rot [k-ft/rad]
1 N4 Reaction Reaction Reaction Reaction Reaction Reaction

Hot Rolled Steel Properties

Label E [ksi] G [ksi] Nu Therm. C…Density [k… Yield [ksi] Ry Fu [ksi] Rt
1 A992 29000 11154 0.3 0.65 0.49 50 1.1 65 1.1
2 A36 Gr.36 29000 11154 0.3 0.65 0.49 36 1.5 58 1.2
3 A572 Gr.50 29000 11154 0.3 0.65 0.49 50 1.1 65 1.1

Hot Rolled Steel Section Sets

Label Shape Type Design List Material Design R… Area [in²] Iyy [in⁴] Izz [in⁴] J [in⁴]
1 Horizonta… 24X24X0.5 Beam None A992 Typical 47 4327.917 4327.917 6488.938
2 Vertical M… 18X24X0.5 Column None A992 Typical 41 2247.417 3499.417 4125.038

Hot Rolled Member Properties

Label Shape Length [ft] Lb y-y [ft] Lb z-z [ft] Lcomp t… Lcomp… L-Torqu… K y-y K z-z Cb Function
1 M2 Vertical… 17.33 Lateral
2 M3 Horizon… 30.67 Lbyy Lateral

Dead Laod

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M3 Y -0.039 -0.039 0 %100 Active

Wind Load Wh

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M3 Z -0.48 -0.48 0 %100 Active

Ice Load

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M3 Y -0.024 -0.024 0 %100 Active
2 M2 Y -0.021 -0.021 0 %100 Active

BLn

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M2 Z -0.092 -0.092 0 %100 Active

BLt

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M2 X 0.123 0.123 0 %100 Active

Basic Load Cases

BLC Des… Category X Gravity Y Gravity Z Gravity Nodal Point Distributed Area(Me… Surface(…
1 Dead Laod DL -1 1
2 Live Load LL
3 Wind Loa… WL 1
4 Ice Load SL 2
5 BLn None 1
6 BLt None 1

Load Combinations

De…So… P… S… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa…
1 Str… Yes Y 1 1.25 2 1.6 4 1.6
2 Ex… Yes Y 1 1.1 3 1 5 1
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Load Combinations (Continued)

De…So… P… S… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa…
3 Ex… Yes Y 1 1.1 3 1 6 1
4 Ex… Yes Y 1 1.1 3 1 5 0.75 6 0.75
5 Ex… Yes Y 1 0.9 3 1 5 1
6 Ex… Yes Y 1 0.9 3 1 6 1
7 Ex… Yes Y 1 0.9 3 1 5 0.75 6 0.75
8 Se… Yes Y 1 1 3 1 5 1
9 Se… Yes Y 1 1 3 1 6 1

10 Se… Yes Y 1 1 3 1 5 0.75 5 0.75

Node Reactions

LC Node Label X [k] Y [k] Z [k] MX [k-ft] MY [k-ft] MZ [k-ft]
1 1 N4 0 12.4087 0 0 0 -135.6231
2 1 Totals: 0 12.4087 0
3 1 COG (ft): X: 19.7895 Y: 14.813 Z: 0
4 2 0 9.3709 16.3193 269.9188 225.7275 -103.2708
5 2 Totals: 0 9.3709 16.3193
6 2 COG (ft): X: 19.6872 Y: 14.8708 Z: 0
7 3 -2.1316 9.3709 14.7198 256.0206 225.7275 -84.7679
8 3 Totals: -2.1316 9.3709 14.7198
9 3 COG (ft): X: 19.6872 Y: 14.8708 Z: 0

10 4 -1.5987 9.3709 15.9194 266.4443 225.7275 -89.3936
11 4 Totals: -1.5987 9.3709 15.9194
12 4 COG (ft): X: 19.6872 Y: 14.8708 Z: 0
13 5 0 7.6671 16.3193 269.7433 225.7275 -84.4418
14 5 Totals: 0 7.6671 16.3193
15 5 COG (ft): X: 19.6872 Y: 14.8708 Z: 0
16 6 -2.1316 7.6671 14.7198 255.852 225.7275 -65.9449
17 6 Totals: -2.1316 7.6671 14.7198
18 6 COG (ft): X: 19.6872 Y: 14.8708 Z: 0
19 7 -1.5987 7.6671 15.9194 266.2705 225.7275 -70.5691
20 7 Totals: -1.5987 7.6671 15.9194
21 7 COG (ft): X: 19.6872 Y: 14.8708 Z: 0
22 8 0 8.519 16.3193 269.8311 225.7275 -93.8534
23 8 Totals: 0 8.519 16.3193
24 8 COG (ft): X: 19.6872 Y: 14.8708 Z: 0
25 9 -2.1316 8.519 14.7198 255.9363 225.7275 -75.3535
26 9 Totals: -2.1316 8.519 14.7198
27 9 COG (ft): X: 19.6872 Y: 14.8708 Z: 0
28 10 0 8.519 17.1191 276.7785 225.7275 -93.8534
29 10 Totals: 0 8.519 17.1191
30 10 COG (ft): X: 19.6872 Y: 14.8708 Z: 0
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Date: 9/29/2021

Load Combination Joint Label X (kip) Y (kip) Z (kip) Mx (k-ft) My (k-ft) Mz (k-ft) Resultant Shear (SRSS) (kip) Resultant Moment (SRSS) (k-ft)
1 N4 0.00 12.41 0.00 0.00 0.00 -135.62 12.41 135.62
2 0.00 9.37 16.32 269.92 225.73 -103.27 18.82 366.71
3 -2.13 9.37 14.72 256.02 225.73 -84.77 17.58 351.69
4 -1.60 9.37 15.92 266.44 225.73 -89.39 18.54 360.47
5 0.00 7.67 16.32 269.74 225.73 -84.44 18.03 361.72
6 -2.13 7.67 14.72 255.85 225.73 -65.94 16.73 347.51
7 -1.60 7.67 15.92 266.27 225.73 -70.57 17.74 356.14
8 0.00 8.52 16.32 269.83 225.73 -93.85 18.41 364.10
9 -2.13 8.52 14.72 255.94 225.73 -75.35 17.14 349.48

10 0.00 8.52 17.12 276.78 225.73 -93.85 19.12 369.28

Widening
Reactions from RISA Model
For Sign Structures.

19.12

Maximum Moment (kip-ft)= 369.28

Shear Moment

Maximum Shear (kip) =



Project: I405 Renton-Bellevue Engineer: SSO Project #
Widening Date: 9/29/2021 1906

Subject: Checker: JTM Page
Design for Sign Structure Foundation Date: 9/29/2021

Sign Structure = Foundation = Right (based on elevation view)

L = 11.69 ft Ka = 0.42
M = 369280 ft-# Pa (Unfactored) = 442 #
VF = 19120 # Pa (Factored) = 663 #
D = 4.50 ft MF = 443356 ft-#

Pv = 12409 # Pp = 149592 #
G.D. = 2.10 ft F = 129809 #

Ht Above Grade = 1.75 ft Vert Bearing Pressure = 780 PSF OK (Pv/Area of Shaft)
β = 24.40 deg ΦTn = F*tanΦD/2 = 182506 ft-# NG (BDM 10.1.5(1))
γ = 105 PCF Kp = 1.96

Φ = 32.00 deg L' = q/(γKp) = 6.33 ft  
Torsion, (Tn) = 225730 ft-# Embedment Check = 0.00 OK

z = 4.26 ft  
H= 23.19

Mu = 484986 ft-#
Vu = 19783 ft-#

Check against Allowable Lateral Bearing Pressures:

Maximum Applied Soil Pressure Per Classical Broms'= 2400 PSF (Kp*γ*L)

Allowable Lateral Bearing Pressure exceeded, therefore use modified Broms' method

Classical Broms' Equations Modified Broms' Equations

Where;

Embedment 
Check

Ultimate 
Moment in 

Shaft

1B - 7634+43.00 - ST-001

Allowable Vertical Bearing 
Pressure =

Allowable Lateral Bearing 
Pressure =

1300 PSF
From Geotech 
Report, Case 5

Sec. 5.4 of Geotech Report2000 PSF
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1. General Information 
File Name E:\Project folders\Exeltec...\Left 

Foundation.col
Project ---
Column ---
Engineer ---
Code ACI 318-14
Bar Set ASTM A615
Units English
Run Option Investigation
Run Axis X - axis
Slenderness Not Considered
Column Type Structural
Capacity Method Critical capacity

2. Material Properties 
2.1. Concrete 
Type Standard
f'c 4 ksi
Ec 3605 ksi
fc 3.4 ksi
εu 0.003 in/in
β1 0.85

2.2. Steel 
Type Standard
fy 60 ksi
Es 29000 ksi
εyt 0.00206897 in/in

3. Section 
3.1. Shape and Properties 
Type Circular
Diameter 54 in
Ag 2290.22 in2

Ix 417393 in4

Iy 417393 in4

rx 13.5 in
ry 13.5 in
Xo 0 in
Yo 0 in
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3.2. Section Figure 

Circular 54 x 54 in 0.87% reinf.

Figure 1: Column section

4. Reinforcement 
4.1. Bar Set: ASTM A615 

Bar Diameter Area Bar Diameter Area Bar Diameter Area
in in2 in in2 in in2

#3 0.38 0.11 #4 0.50 0.20 #5 0.63 0.31
#6 0.75 0.44 #7 0.88 0.60 #8 1.00 0.79
#9 1.13 1.00 #10 1.27 1.27 #11 1.41 1.56

#14 1.69 2.25 #18 2.26 4.00

4.2. Confinement and Factors 
Confinement type Spiral
For #11 bars or less #4 ties
For larger bars #4 ties

Capacity Reduction Factors
Axial compression, (a) 0.85
Tension controlled ɸ, (b) 0.9
Compression controlled ɸ, (c) 0.75

4.3. Arrangement 
Pattern All sides equal
Bar layout Circular
Cover to Longitudal bars
Clear cover 4 in
Bars 20 #9

Total steel area, As 20.00 in2

Rho 0.87 %
Minimum clear spacing 5.89 in
(Note: Rho < 1.0%)

y

x
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5. Factored Loads and Moments with Corresponding Capacity Ratios 
NOTE: Calculations are based on "Critical Capacity" Method.

No. Demand Capacity Parameters at Capacity Capacity
Pu Mux ɸPn ɸMnx NA Depth εt ɸ Ratio
kip k-ft kip k-ft in

1 12.41 484.99 0.00 1916.37 9.57 0.01249 0.900 0.62
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6. Diagrams 
6.1. PM at θ=0 [deg] 
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I405 Renton - Bellevue Widening

Foundation Design For Sign
Structure. (1B - 7634+43.00 -
ST-001)

The embedment required for foundation is 11.69'. Provided embedment is 12'.

Shaft Diameter = 4.5ft

Longitudinal reinforcement = 20-#9 Bars

Transverse reinforcement = #4 Spiral reinforcement.

This reinforcement values have been verified using SpColumn and are satisfactory.

SSO

09-29-2021

ASJ/SJK

09-29-2021
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SEE DETAIL 2

-

SEE DETAIL 2
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L POSTC

ST-005

SIGN CANTILEVER

NB I405 STA 7694+00.00

LANE

15'-0"

ELEVATION

ý

LESS THAN OR EQUAL TO 5924 CU. FT.

SHALL BE 235 SQ. FT. AND   (XYZ) SHALL BE 

THE MAXIMUM SIGN AREA ON THIS STRUCTURE 

LOOKING AHEAD ON STATIONING

"Z
"

1

1.3

POSTS (V) BEAM A (V) BEAM B (V) POST BASE (V) BOLTED SPLICE #1

"A"

1'-6" 2'-0"

"B" "T1"

2'-0"

"B"

2'-0"

"C" "T2"

2'-0"

"B"

2'-0"

"C" "T2" "D1" "S5" "S6" "T3" "T6" "S1" "S2" "S3" "S4" "T4" "T5"

1/2" 1/2" 1/2" 4.00 4.00 3" 3/4"5.00 3.00 5.00 3.00 5/8"

CANTILEVER SIGN STRUCTURE TABLE

2" 2-1/2"

NOTES:

AT END OF SPAN
CAMBER MAX.

 

SSD-A06

SEE DETAIL 3

-

16'-0"15'-7"

H
E
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½
 
S
IG

N

SIGN 27-19

 

23'-7"

SPAN LENGTH = 31'-1"

25'-1"
CL BOLTED SPLICE

10
'-

0
"

CL SIGN

6"

6'-0"

 ¢ RDWY, FROM VERTICAL AT ¢ BEAM.

ERECT POST SET BACK 1" ±¼" TRANSVERSE TO

(BOT. OF BARRIER)

 

SSD-A06

SEE DETAIL 1

-

SEE SHEETS SSD-A10 AND SSD-A16

WITH BARRIER SHAPE CAP

FOUNDATION TYPE 1

ELEV. 58.82

ELEV. 64.74

ELEV. 60.82

4'-6" 15'-0"

FOUNDATION (TYPE 1)

SOIL CASE *

LEFT

OFFSET

#9

SIZE ("X")

VERTICAL REBAR 

BARS ("Y")

NO. OF VERTICAL 

20

("Z")

DEPTH

CASE 5

ø

SHAFT

BARRIER TRANSITION.

SEE PAVING PLAN SHEET PV-27A FOR 5.

IN PLAN ON SHEET SN-27.

THE SIGN & SIGN STRUCTURE ARE SHOWN 4.

ARE SHOWN ON SHEET SSD-A01.

GENERAL NOTES FOR SIGN STRUCTURES 3.

SEG 1B DATED 09/28/2021.

REPORT MONOTUBE POLE STRUCTURES - 

IDENTIFIED PER THE GEOTECHINCAL 

* ASSUMED SOIL TYPE CASES ARE 2.

DRAINAGE, AND ITS PLANS.

REFERENCE ONLY PER ROADWAY, 

INFORMATION SHOWN HERE FOR 

ROADWAY, DRAINAGE, AND ITS 1.
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L= 35'

h1
=

 2
3.

67
'

I405 Renton-Bellevue Widening

Member Size Determination.
(1B - 7694+00.00 - ST-005)

h1 is measured from the bottom of base plate to the center of the horizontal
member.

L is measured as the distance between the center of the Vertical Member and end of
Horizontal Member

Signs Mounted on Sign Bridge:

1. SIGN NO. 27-19

Dimension of sign:

L = 16'  H = 10' 

Area of Sign (A1) = L x H = 16 x 10 = 160sqft

SSO

09-29-2021

PW/SJK

09-29-2021



Project: I405 Renton-Bellevue Engineer: SSO Project #

Widening Date: 9/29/2021 1906

Subject: Sizing of Sign Bridge Members. Checker: PW/SJK Page

Date: 9/29/2021

VMS sign? N Variable Message sign attached?

Total Span Length, "S" = 35 ft (Centerline of post to end)

Post Height, H = 23.67 ft (Bottom of base plate to CL of beam)

Sign Length, X = 16 ft

Sign Height, Y = 10 ft XYZ override for 2+ signs: 0 ft^3

Dist to CL of sign, Z = 25.0 ft

Total Sign Area = 160 sqft Area override for 2+ signs: 0 sqft

Post Data

Hmax, ft A, ft B, ft T1, in D1, in S5 S6 T3, in T, in

23.67 1.50 2.00 0.50 2.00 4.00 4.00 3.00 0.75

Beam A

L1, ft B, ft C, ft T2, in

6.00 2.00 2.00 0.50

Beam B

L2, ft B, ft C, ft T2, in

29.00 2.00 2.00 0.50

Splice 1

S1 S2 S3 S4 T4, in T5, in

5.00 3.00 5.00 3.00 2.50 0.63

Max Allowable Sign Area, per BDM 235 sqft

Max Allowable Wind Sail, Σ(XYZ), per BDM 5924 ft^3

This sheet will check WSDOT BDM Table 10.1.4-2 for an approved sign bridge layout, given the follwing design 

info:

camber, in

3.5

DESIGN IS POSSIBLE

CHECKING SIGN PLACEMENT

DESIGN IS POSSIBLE PER TABLES, SEE BELOW

HORIZONTAL MEMBER DIMENSION

B

C

T2

TOP OF SIGN
STRUCTURE

ERTICAL MEMBER DIMENSION

A

B

T1

FLOW OF
TRAFFIC

VERTICAL MEMBER DIMENSION



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B - 7694+00.00 - ST-005

Project Number: 1906 

Calculation By: ASJ Date:12/10/20

Check By:RJN Date: 12/10/20
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Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B - 7694+00.00 - ST-005

Project Number: 1906 

Calculation By: ASJ Date:12/10/20

Check By:RJN Date: 12/10/20

�� � ���
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�
�
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� �
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�
�

�
�

�

�����

To determine Directionality Factor, Kd

�� � ��
� AASHTO Table 3.8.5-1

Support with Horizontal arms or members supporting sign and/or signals.

To determine Gust Effect Factor, G

�� ���	 AASHTO 3.8.6



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B - 7694+00.00 - ST-005

Project Number: 1906 

Calculation By: ASJ Date:12/10/20

Check By:RJN Date: 12/10/20

To Determine Drag Coeffocent, Cd

�� �� ��� AASHTO T3.8.7-1

Assuming Cd = 1.3 for horizontal members to be conservative.

�� � ��� AASHTO T3.8.7-1

Assuming Cd = 2.0 for vertical members to be conservative.



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B - 7694+00.00 - ST-005

Project Number: 1906 

Calculation By: ASJ Date:12/10/20

Check By:RJN Date: 12/10/20

To determine Wind Pressure (Pz)  for Horizontal Members.

�� � �����

�� � ��
�

�� ���	

�� ��� mph

�� �� ���

�� � ������������� � � � � � � � � �� ��	 AASHTO EQN 3.8.1-1

�� � 	����� ��	

To determine Wind Pressure (Pz)  for Vertical Members.

�� � �����

�� � ��
�

�� ���	

�� ��� mph

�� � �

�� � ������������� � � � � � � � � � ��	 AASHTO EQN 3.8.1-1

�� � �����	 ��	
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(0, 23.67',0) (35,23.67',0)

I405 Renton-Bellevue Widening

RISA Model Input 
(1B - 7694+00.00 - ST-005)

Loads Acting on the Sign Structure:

DL = 3.25psf distributed over 12ft tall sign structure = 3.25*12 = 39plf

LL = 0

WL = Wind Loading calculated from MathCAD * Trib. Area 

WL on horizontal members = Pzh * 12' = 40.056 * 12' = 480.67plf

WL on vertical members is distributed into two separate components:

BLn = Basic load normal to plane of the structure =  Pzv * A = 61.624 * 1.5' = 92.44plf

BLt = Basic load transverse to plane of the structure = Pzv * B = 61.624 * 2' = 123.3plf

IL = 3psf distributed over surface area of Members 

IL on horizontal members = 3*(perimeter of member) = 3*2*(2+2) = 24plf

IL on vertical members = 3*(perimeter of member) = 3*2*(1.5+2) = 21plf

h1 and h2 are measured from the bottom of base plate to the center of the horizontal
member.

L is measured as the center to center distance between the Vertical Members.

SSO

09-29-2021

PW/SJK

09-29-2021
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I405 Renton-Bellevue Widening

Load Combinations:

IL is assumed to be as a transient load and all loads applicable to LL have been applied to IL.

Strength 1:  1.25DL+1.6L

Extreme 1 (Max): 1.1DL+1.0W 

Extreme 1 (Max) Case 1: 1.1DL + 1.0Wh + 1.0(BLn)

Extreme 1 (Max) Case 2: 1.1DL + 1.0Wh + 1.0(BLt)

Extreme 1 (Max) Case 3: 1.1DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

Extreme 1 (Min): 0.9DL+1.0W

Extreme 1 (Max) Case 1: 0.9DL + 1.0Wh + 1.0(BLn)

Extreme 1 (Max) Case 2: 0.9DL + 1.0Wh + 1.0(BLt)

Extreme 1 (Max) Case 3: 0.9DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

Service 1: 1.0DL+1.0W

Service 1 (Max) Case 1: 1.0DL + 1.0Wh + 1.0(BLn)

Service 1 (Max) Case 2: 1.0DL + 1.0Wh + 1.0(BLt)

Service 1 (Max) Case 3: 1.0DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

RISA Model Input 
(1B - 7694+00.00 - ST-005)

SSO

09-29-2021

PW/SJK

09-29-2021











Project: I405 Renton-Bellevue Engineer: SSO Project #
Date: 9/29/2021 1906

Subject: Checker: JTM Page
Date: 9/29/2021

Load Combination Joint Label X (kip) Y (kip) Z (kip) Mx (k-ft) My (k-ft) Mz (k-ft) Resultant Shear (SRSS) (kip) Resultant Moment (SRSS) (k-ft)
1 N1 0.00 14.97 0.00 0.00 0.00 177.59 14.97 177.59
2 0.00 11.29 19.01 427.44 -294.41 135.04 22.11 536.30
3 -2.92 11.29 16.82 401.39 -294.41 169.72 20.47 525.92
4 -2.19 11.29 18.46 420.92 -294.41 161.05 21.75 538.32
5 0.00 9.24 19.01 426.83 -294.41 110.34 21.14 530.13
6 -2.92 9.24 16.82 400.81 -294.41 144.99 19.41 518.02
7 -2.19 9.24 18.46 420.32 -294.41 136.33 20.76 530.97
8 0.00 10.26 19.01 427.13 -294.41 122.68 21.61 533.08
9 -2.92 10.26 16.82 401.10 -294.41 157.34 19.92 521.84

10 0.00 10.26 20.11 440.15 -294.41 122.68 22.57 543.56

22.57

Maximum Moment (kip-ft)= 543.56

Shear Moment

Maximum Shear (kip) =

Widening
Reactions from RISA Model
For Sign Structures.



Project: I405 Renton-Bellevue Engineer: SSO Project #
Widening Date: 9/29/2021 1906

Subject: Checker: JTM Page
Design for Sign Structure Foundation Date: 9/29/2021

Sign Structure = Foundation = Left (based on elevation view)

L = 14.84 ft Ka = 0.57
M = 543560 ft-# Pa (Unfactored) = 938 #
VF = 22570 # Pa (Factored) = 1407 #
D = 4.50 ft MF = 626723 ft-#

Pv = 14970 # Pp = 177347 #
G.D. = 2.63 ft F = 153370 #

Ht Above Grade = 1.00 ft Vert Bearing Pressure = 941 PSF OK (Pv/Area of Shaft)
β = 30.00 deg ΦTn = F*tanΦD/2 = 215631 ft-# OK (BDM 10.1.5(1))
γ = 105 PCF Kp = 1.31

Φ = 32.00 deg L' = q/(γKp) = 9.48 ft  
Torsion, (Tn) = 0 ft-# Embedment Check = 0.00 OK

z = 6.02 ft  
H= 27.77

Mu = 682506 ft-#
Vu = 23977 ft-#

Check against Allowable Lateral Bearing Pressures:

Maximum Applied Soil Pressure Per Classical Broms'= 2036 PSF (Kp*γ*L)

Allowable Lateral Bearing Pressure exceeded, therefore use modified Broms' method

Classical Broms' Equations Modified Broms' Equations

Where;

Embedment 
Check

Ultimate 
Moment in 

Shaft

1B - 7694+00.00 - ST-005

Allowable Vertical Bearing 
Pressure =

Allowable Lateral Bearing 
Pressure =

1300 PSF
From Geotech 
Report

Sec. 5.4 of Geotech Report2000 PSF
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1. General Information 
File Name E:\Project folders\Exeltec...\Left 

Foundation.col
Project ---
Column ---
Engineer ---
Code ACI 318-14
Bar Set ASTM A615
Units English
Run Option Investigation
Run Axis X - axis
Slenderness Not Considered
Column Type Structural
Capacity Method Critical capacity

2. Material Properties 
2.1. Concrete 
Type Standard
f'c 4 ksi
Ec 3605 ksi
fc 3.4 ksi
εu 0.003 in/in
β1 0.85

2.2. Steel 
Type Standard
fy 60 ksi
Es 29000 ksi
εyt 0.00206897 in/in

3. Section 
3.1. Shape and Properties 
Type Circular
Diameter 54 in
Ag 2290.22 in2

Ix 417393 in4

Iy 417393 in4

rx 13.5 in
ry 13.5 in
Xo 0 in
Yo 0 in
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3.2. Section Figure 

Circular 54 x 54 in 0.87% reinf.

Figure 1: Column section

4. Reinforcement 
4.1. Bar Set: ASTM A615 

Bar Diameter Area Bar Diameter Area Bar Diameter Area
in in2 in in2 in in2

#3 0.38 0.11 #4 0.50 0.20 #5 0.63 0.31
#6 0.75 0.44 #7 0.88 0.60 #8 1.00 0.79
#9 1.13 1.00 #10 1.27 1.27 #11 1.41 1.56

#14 1.69 2.25 #18 2.26 4.00

4.2. Confinement and Factors 
Confinement type Spiral
For #11 bars or less #4 ties
For larger bars #4 ties

Capacity Reduction Factors
Axial compression, (a) 0.85
Tension controlled ɸ, (b) 0.9
Compression controlled ɸ, (c) 0.75

4.3. Arrangement 
Pattern All sides equal
Bar layout Circular
Cover to Longitudal bars
Clear cover 4 in
Bars 20 #9

Total steel area, As 20.00 in2

Rho 0.87 %
Minimum clear spacing 5.89 in
(Note: Rho < 1.0%)

y

x
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5. Factored Loads and Moments with Corresponding Capacity Ratios 
NOTE: Calculations are based on "Critical Capacity" Method.

No. Demand Capacity Parameters at Capacity Capacity
Pu Mux ɸPn ɸMnx NA Depth εt ɸ Ratio
kip k-ft kip k-ft in

1 14.97 682.51 0.00 1916.37 9.57 0.01249 0.900 0.67
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6. Diagrams 
6.1. PM at θ=0 [deg] 
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I405 Renton - Bellevue Widening

Foundation Design For Sign
Structure. (1B - 7694+00.00 -
ST-005)

The embedment required for right foundation is 14.84'. Provided embedment is 15'.

Shaft Diameter = 4.5'

Longitudinal reinforcement = 20-#9 Bars

Transverse reinforcement = #4 Spiral reinforcement.

This reinforcement values have been verified using SpColumn and are satisfactory.

SSO

09-29-2021

PW/SJK

09-29-2021
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40'-10Â" OFFSET

8'-10Â"

ELEV. 76.90 ELEV. 76.72

ELEV. 80.63

ELEV. 84.05

NB I405 LINE

FINAL GRADE
ELEV. 76.53

ELEVATION

STRUCTURE SHALL BE 800 SQ. FT.

THE MAXIMUM SIGN AREA ON THIS 

LOOKING AHEAD ON STATIONING

ST-006

SIGN BRIDGE

NB I405 STA 7726+56.00 RT

NB I405 STA 7726+51.00 LT

 SSD-A11

SEE SHEET SSD-A10 AND

FOUNDATION TYPE 1 CAP

2

1

30-1B
SIGN

30-1ASIGN

SHDR

9'-7"

ELEV. 75.88

30-5
SIGN

30-6
SIGN

 UNDERDRAIN PIPE

PROPOSED 6"

FOUNDATION

REROUTE AS REQUIRED TO CLEAR 

PROPOSED 6" UNDERDRAIN PIPE

"Z
" 

R
IG

H
T

"Z
" 

L
E

F
T

SEE SHEETS SSD-A10 AND SSD-A13

WITH BARRIER SHAPE CAP

FOUNDATION TYPE 1

(TO REMAIN)

VERIFY IN FIELD

EXACT LOCATION NOT SHOWN,

EXISTING ITS CONDUIT.

TYP.

BARRIER)

(BOT. OF 

(TO REMAIN)

 SHOWN, VERIFY IN FIELD

EXACT LOCATION NOT

EXISTING 18" STORM LINE.

 STORM LINE

PROPOSED 24"

 NORTHWEST OF FOOTING

APPROXIMATELY 6.3FT

 STRUCTURE.

PROPOSED DRAINAGE

POSTS (V) BEAM A (V) BEAM B (V) BEAM C (V) POST BASE (V) BOLTED SPLICE #1 BOLTED SPLICE #2

"A"

1'-6" 2'-3"

"B" "T1"

2'-3"

"B"

2'-0"

"C" "T2"

2'-3"

"B"

2'-0"

"C" "T2"

2'-3"

"B" "C" "T2"

1-3/4"

"D1" "S5" "S6" "T3" "T6" "S1" "S2" "S3" "S4""T4" "T5" "S1" "S2" "S3" "S4"

2-1/4"

"T4" "T5"

5/8" 5/8" 5/8" 5/8" 4.00 4.00 3.00 3/4"6.00 N/A 5.00 N/A 2" 5/8"6.00 N/A 5.00 N/A 3/4"

MONOTUBE SIGN BRIDGE TABLE

2'-0"

NOTES:

4'-6" 12'-0"

FOUNDATION (TYPE 1)

RIGHT 4'-6" 14'-0"

SOIL CASE *

LEFT

OFFSET

#9

SIZE ("X")

VERTICAL REBAR 

BARS ("Y")

NO. OF VERTICAL 

20

#9 20

("Z")

DEPTH

CASE 3

CASE 5

ø

SHAFT

TRANSITION.

SEE PAVING PLAN SHEET PV-30 FOR BARRIER 5.

PLAN ON SHEET SN-30.

THE SIGN & SIGN STRUCTURE ARE SHOWN IN 4.

SHOWN ON SHEET SSD-A01.

GENERAL NOTES FOR SIGN STRUCTURES ARE 3.

STRUCTURES - SEG 1B DATED 09/28/2021.

PER THE GEOTECHINCAL REPORT MONOTUBE POLE 

* ASSUMED SOIL TYPE CASES ARE IDENTIFIED 2.

ROADWAY, DRAINAGE, AND ITS PLANS.

SHOWN HERE FOR REFERENCE ONLY PER 

ROADWAY, DRAINAGE, AND ITS INFORMATION 1.
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I405 Renton-Bellevue Widening

Member Size Determination.
(1B - 7726+51.00 - ST-006)

h1 and h2 are measured from the bottom of base plate to the center of the horizontal
member.

L is measured as the center to center distance between the Vertical Members.

Signs Mounted on Sign Bridge:

1. SIGN NO. 30-5 and SIGN NO. 30-6

Dimension of sign each sign:

L = 4'  H = 5'

Total Area of Sign (A1) = L x H = 2 x 4 x 5 = 40sqft

2. SIGN NO. 30-1B

L = 6'  H = 2.5' 

Area of Sign (A2) = L x H = 6 x 2.5 = 15sqft

3. SIGN NO. 30-1A

L = 20'  H = 14.5' 

Area of Sign (A3) = L x H = 20 x 14.5 = 290sqft

4. SIGN NO. 30-2

L = 19'  H = 11.5' 

Area of Sign (A4) = L x H = 19 x 11.5 = 218.5sqft

Total Area of Sign = A1 + A2 + A3 + A4 = 40 + 15 + 290 + 218.5 = 563.5sqft

SSO

09-29-2021

PW/SJK

09-29-2021



Project: I405 Renton-Bellevue Engineer: ASJ Project #
Widening Date: 12/9/2020 1906

Subject: Sizing of Sign Bridge Members. Checker: JTM Page
Date: 12/9/2020

Total Span Length, "S" = 79 ft (Centerline of posts)
Post Height, H = 23.17 ft (Bottom of base plate to CL of beam)
Total Sign Area = 563.5 sqft

Post Data
Hmax, ft A, ft B, ft T1, in D1, in S5 S6 T3, in T, in

23.17 1.50 2.25 0.63 1.75 4.00 4.00 3.00 0.75

Beam A
L1, ft B, ft C, ft T2, in camber, in
6.00 2.25 2.00 0.63 5

Beam B
L2, ft B, ft C, ft T2, in
16.00 2.25 2.00 0.63

Beam C
L3, ft B, ft C, ft T2, in
35.00 2.25 2.00 0.63

Beam D
L4, ft B, ft C, ft T2, in
N/A N/A N/A N/A

Splice 1
S1 S2 S3 S4 T4, in T5, in

6.00 N/A 5.00 N/A 2.00 0.63

Splice 2
S1 S2 S3 S4 T4, in T5, in

6.00 N/A 5.00 N/A 2.25 0.75

Splice 3
S1 S2 S3 S4 T4, in T5, in

N/A N/A N/A N/A N/A N/A

This sheet will check WSDOT BDM Table 10.1.4-1 for an approved sign bridge layout, given the follwing design info:

DESIGN IS POSSIBLE

HORIZONTAL MEMBER DIMENSION

B

C

T2

TOP OF SIGN
STRUCTURE

ERTICAL MEMBER DIMENSION

A

B

T1

FLOW OF
TRAFFIC

VERTICAL MEMBER DIMENSION



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B- 7726+51.00 - ST-006.

Project Number: 1906 

Calculation By: ASJ Date:12/09/20

Check By:RJN Date: 12/09/20

To Determine the Wind Load Acting on the Sign Structure.

As per WSDOT BDM 10.1.1 D, Basic wind speed of 115mph shall be used in computing 
design wind pressure using equation 3.8.1-1 of AASHTO LRFD Specifications for Structural 
Supports for Highway Signs, Luminaires and Traffic Signals.

The references pertaining to AASHTO refer to AASHTO LRFD Specifications for Structural 
Supports for Highway Signs, Luminaires and Traffic Signals hence forth unless mentioned 
otherwise.

≔Pz ⋅⋅⋅⋅⋅0.00256 Kz Kd G V
2
Cd AASHTO EQN 3.8.1-1

V = Basic Wind Speed (mph)

Kz = Height and Exposure Factor per AASHTO Article 3.8.4

Kd = Directionality Factor per AASHTO Article 3.8.5

G = Gust Effect Factor per AASHTO 3.8.6

Cd = Drag Coefficient per AASHTO 3.8.7

To determine Basic Wind Speed

≔V 115 mph WSDOT BDM 10.1.1.D

To determine Height and Exposure Factor, Kz

z = Greater of 16 ft or Height above ground at which the pressure is calculated.

≔h 28.43 ft

≔z =if

else

>h 16 ft
‖
‖h

‖
‖16 ft

28.43 ft

≔zg 900 ft AASHTO 3.8.4

≔α 9.5 AASHTO 3.8.4



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B- 7726+51.00 - ST-006.

Project Number: 1906 

Calculation By: ASJ Date:12/09/20

Check By:RJN Date: 12/09/20

≔Kz =⋅2
⎛
⎜
⎝
―
z

zg

⎞
⎟
⎠

―
2

α

0.966

To determine Directionality Factor, Kd

≔Kd 0.85 AASHTO Table 3.8.5-1

Support with Horizontal arms or members supporting sign and/or signals.

To determine Gust Effect Factor, G

≔G 1.14 AASHTO 3.8.6



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B- 7726+51.00 - ST-006.

Project Number: 1906 

Calculation By: ASJ Date:12/09/20

Check By:RJN Date: 12/09/20

To Determine Drag Coeffocent, Cd

≔Cdh 1.3 AASHTO T3.8.7-1

Assuming Cd = 1.3 for horizontal members to be conservative.

≔Cdv 2.0 AASHTO T3.8.7-1

Assuming Cd = 2.0 for vertical members to be conservative.



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B- 7726+51.00 - ST-006.

Project Number: 1906 

Calculation By: ASJ Date:12/09/20

Check By:RJN Date: 12/09/20

To determine Wind Pressure (Pz)  for Horizontal Members.

=Kz 0.966

=Kd 0.85

=G 1.14

=V 115 mph

=Cdh 1.3

≔Pz ⋅⋅⋅⋅⋅⋅0.00256 Kz Kd G V
2
Cdh psf AASHTO EQN 3.8.1-1

=Pz 41.214 psf

To determine Wind Pressure (Pz)  for Vertical Members.

=Kz 0.966

=Kd 0.85

=G 1.14

=V 115 mph

=Cdv 2

≔Pz ⋅⋅⋅⋅⋅⋅0.00256 Kz Kd G V
2
Cdv psf AASHTO EQN 3.8.1-1

=Pz 63.406 psf
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(0,0,0)

L=79'

h1
=

 2
3.

17
'

h2
=

 1
9.

75
'

(0,23.17,0) (79,23.17,0)

(79,3.42,0)

I405 Renton-Bellevue Widening

RISA Model Input 
(1B - 7726+51.00 - ST-006)

Loads Acting on the Sign Structure:

DL = 3.25psf distributed over 12ft tall sign structure = 3.25*12 = 39plf

LL = 0

WL = Wind Loading calculated from MathCAD * Trib. Area 

WL on horizontal members = Pzh * 12' = 41.214 * 12' = 494.6plf

WL on vertical members is distributed into two separate components:

BLn = Basic load normal to plane of the structure =  Pzv * A = 63.41 * 1.5 = 95.12plf

BLt = Basic load transverse to plane of the structure = Pzv * B = 63.41 * 2.25 = 142.97plf

IL = 3psf distributed over surface area of Members 

IL on horizontal members = 3*(perimeter of member) = 3*2*(2.25+2) = 25.5plf 

IL on vertical members = 3*(perimeter of member) = 3*2*(1.5+2.25) = 22.5plf

h1 and h2 are measured from the bottom of base plate to the center of the horizontal
member.

L is measured as the center to center distance between the Vertical Members.

SSO

09-29-2021

PW/SJK

09-29-2021
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I405 Renton-Bellevue Widening

Load Combinations:

IL is assumed to be as a transient load and all loads applicable to LL have been applied to IL.

Strength 1:  1.25DL+1.6L

Extreme 1 (Max): 1.1DL+1.0W 

Extreme 1 (Max) Case 1: 1.1DL + 1.0Wh + 1.0(BLn)

Extreme 1 (Max) Case 2: 1.1DL + 1.0Wh + 1.0(BLt)

Extreme 1 (Max) Case 3: 1.1DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

Extreme 1 (Min): 0.9DL+1.0W

Extreme 1 (Max) Case 1: 0.9DL + 1.0Wh + 1.0(BLn)

Extreme 1 (Max) Case 2: 0.9DL + 1.0Wh + 1.0(BLt)

Extreme 1 (Max) Case 3: 0.9DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

Service 1: 1.0DL+1.0W

Service 1 (Max) Case 1: 1.0DL + 1.0Wh + 1.0(BLn)

Service 1 (Max) Case 2: 1.0DL + 1.0Wh + 1.0(BLt)

Service 1 (Max) Case 3: 1.0DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

RISA Model Input 
(1B - 7726+51.00 - ST-006)

SSO

09-29-2021

PW/SJK

09-29-2021













Project: I405 Renton-Bellevue Engineer: ASJ Project #
Date: 12/9/2020 1906

Subject: Checker: RJN Page
Date: 12/9/2020

Load Combination Joint Label X (kip) Y (kip) Z (kip) Mx (k-ft) My (k-ft) Mz (k-ft) Resultant Shear (SRSS) (kip) Resultant Moment (SRSS) (k-ft)
1 N1 10.55 20.30 0.00 0.00 0.00 -84.76 22.88 84.76
1 N4 -10.55 19.20 0.00 0.00 0.00 56.05 21.90 56.05
2 N1 8.21 15.71 21.30 457.66 -105.64 -65.99 27.71 474.31
2 N4 -8.21 14.86 21.85 429.35 140.88 43.65 27.67 453.98
3 N1 5.22 15.53 19.11 432.99 -106.14 -41.53 25.17 447.74
3 N4 -11.35 15.04 19.96 409.74 140.33 70.21 27.45 438.76
4 N1 5.97 15.57 20.76 451.48 -105.77 -47.64 26.62 466.14
4 N4 -10.57 14.99 21.38 424.46 140.74 63.57 28.17 451.68
5 N1 6.72 12.85 21.30 457.04 -105.66 -53.99 25.77 472.19
5 N4 -6.72 12.16 21.85 428.89 140.86 35.72 25.89 452.84
6 N1 3.72 12.67 19.11 432.39 -106.16 -29.53 23.23 446.21
6 N4 -9.86 12.34 19.96 409.30 140.31 62.27 25.45 437.14
7 N1 4.47 12.71 20.75 450.86 -105.79 -35.65 24.75 464.47
7 N4 -9.07 12.29 21.38 424.00 140.72 55.63 26.28 450.20
8 N1 7.46 14.28 21.30 457.35 -105.65 -59.99 26.71 473.21
8 N4 -7.46 13.51 21.85 429.12 140.87 39.68 26.75 453.39
9 N1 4.47 14.10 19.11 432.69 -106.15 -35.53 24.17 446.94
9 N4 -10.61 13.69 19.96 409.52 140.32 66.24 26.43 437.93

10 N1 7.46 14.28 22.40 469.66 -105.40 -59.99 27.59 485.07
10 N4 -7.46 13.51 22.80 438.93 141.14 39.68 27.53 462.77

Widening
Reactions from RISA Model
For Sign Structures.

28.17

Maximum Moment (kip-ft)= 485.07

Shear Moment

Maximum Shear (kip) =



Project: I405 Renton-Bellevue Engineer: SSO Project #
Widening Date: 9/29/2021 1906

Subject: Checker: PW/SJK Page
Design for Sign Structure Foundation Date: 9/29/2021

Sign Structure = Foundation = Left (based on elevation view)

L = 11.26 ft Ka = 0.26
M = 485070 ft-# Pa (Unfactored) = 0 #
VF = 28170 # Pa (Factored) = 0 #
D = 4.50 ft MF = 618878 ft-#

Pv = 20300 # Pp = 193693 #
G.D. = 0.00 ft F = 165523 #

Ht Above Grade = 4.75 ft Vert Bearing Pressure = 1276 PSF OK (Pv/Area of Shaft)
β = 0.00 deg ΦTn = F*tanΦD/2 = 270584 ft-# OK (BDM 10.1.5(1))
γ = 115 PCF Kp = 3.85

Φ = 36.00 deg L' = q/(γKp) = 3.39 ft  
Torsion, (Tn) = 141140 ft-# Embedment Check = 0.00 OK

z = 3.08 ft  
H= 21.97

Mu = 676492 ft-#
Vu = 28170 ft-#

Check against Allowable Lateral Bearing Pressures:

Maximum Applied Soil Pressure Per Classical Broms'= 4987 PSF (Kp*γ*L)

Allowable Lateral Bearing Pressure exceeded, therefore use modified Broms' method

Classical Broms' Equations Modified Broms' Equations

Where;

Embedment 
Check

Ultimate 
Moment in 

Shaft

1B - 7726+51.00 - ST-006

Allowable Vertical Bearing 
Pressure =

Allowable Lateral Bearing 
Pressure =

1500 PSF
From Geotech 
Report, Case 3

Sec. 5.4 of Geotech Report2000 PSF



Project: I405 Renton-Bellevue Engineer: SSO Project #
Widening Date: 9/29/2021 1906

Subject: Checker: PW/SJK Page
Design for Sign Structure Foundation Date: 9/29/2021

Sign Structure = Foundation = Right (based on elevation view)

L = 13.08 ft Ka = 0.36
M = 485070 ft-# Pa (Unfactored) = 484 #
VF = 28170 # Pa (Factored) = 726 #
D = 4.50 ft MF = 624500 ft-#

Pv = 19200 # Pp = 184902 #
G.D. = 2.28 ft F = 156006 #

Ht Above Grade = 2.65 ft Vert Bearing Pressure = 1207 PSF OK (Pv/Area of Shaft)
β = 26.60 deg ΦTn = F*tanΦD/2 = 255026 ft-# OK (BDM 10.1.5(1))
γ = 115 PCF Kp = 2.22

Φ = 36.00 deg L' = q/(γKp) = 5.09 ft  
Torsion, (Tn) = 141140 ft-# Embedment Check = 0.00 OK

z = 4.15 ft  
H= 22.17

Mu = 699859 ft-#
Vu = 28896 ft-#

Check against Allowable Lateral Bearing Pressures:

Maximum Applied Soil Pressure Per Classical Broms'= 3341 PSF (Kp*γ*L)

Allowable Lateral Bearing Pressure exceeded, therefore use modified Broms' method

Classical Broms' Equations Modified Broms' Equations

Where;

Allowable Lateral Bearing 
Pressure =

1300 PSF
From Geotech 
Report, Case 5

Embedment 
Check

Ultimate 
Moment in 

Shaft

Allowable Vertical Bearing 
Pressure =

2000 PSF Sec. 5.4 of Geotech Report

1B - 7726+51.00 - ST-006



Licensee stated below acknowledges that STRUCTUREPOINT (SP) is not and cannot be responsible for either the accuracy or adequacy of the material 
supplied as input for processing by the spColumn computer program. Furthermore, STRUCTUREPOINT neither makes any warranty expressed nor implied 
with respect to the correctness of the output prepared by the spColumn program. Although STRUCTUREPOINT has endeavored to produce spColumn error 
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1. General Information 
File Name E:\Project folders\Exeltec...\Left 

Foundation.col
Project ---
Column ---
Engineer ---
Code ACI 318-14
Bar Set ASTM A615
Units English
Run Option Investigation
Run Axis X - axis
Slenderness Not Considered
Column Type Structural
Capacity Method Critical capacity

2. Material Properties 
2.1. Concrete 
Type Standard
f'c 4 ksi
Ec 3605 ksi
fc 3.4 ksi
εu 0.003 in/in
β1 0.85

2.2. Steel 
Type Standard
fy 60 ksi
Es 29000 ksi
εyt 0.00206897 in/in

3. Section 
3.1. Shape and Properties 
Type Circular
Diameter 54 in
Ag 2290.22 in2

Ix 417393 in4

Iy 417393 in4

rx 13.5 in
ry 13.5 in
Xo 0 in
Yo 0 in
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3.2. Section Figure 

Circular 54 x 54 in 0.87% reinf.

Figure 1: Column section

4. Reinforcement 
4.1. Bar Set: ASTM A615 

Bar Diameter Area Bar Diameter Area Bar Diameter Area
in in2 in in2 in in2

#3 0.38 0.11 #4 0.50 0.20 #5 0.63 0.31
#6 0.75 0.44 #7 0.88 0.60 #8 1.00 0.79
#9 1.13 1.00 #10 1.27 1.27 #11 1.41 1.56

#14 1.69 2.25 #18 2.26 4.00

4.2. Confinement and Factors 
Confinement type Spiral
For #11 bars or less #4 ties
For larger bars #4 ties

Capacity Reduction Factors
Axial compression, (a) 0.85
Tension controlled ɸ, (b) 0.9
Compression controlled ɸ, (c) 0.75

4.3. Arrangement 
Pattern All sides equal
Bar layout Circular
Cover to Transverse bars
Clear cover 4 in
Bars 20 #9

Total steel area, As 20.00 in2

Rho 0.87 %
Minimum clear spacing 5.74 in
(Note: Rho < 1.0%)

y

x
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5. Factored Loads and Moments with Corresponding Capacity Ratios 
NOTE: Calculations are based on "Critical Capacity" Method.

No. Demand Capacity Parameters at Capacity Capacity
Pu Mux ɸPn ɸMnx NA Depth εt ɸ Ratio
kip k-ft kip k-ft in

1 20.30 676.49 0.00 1899.98 9.72 0.01210 0.900 0.67
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6. Diagrams 
6.1. PM at θ=0 [deg] 



Licensee stated below acknowledges that STRUCTUREPOINT (SP) is not and cannot be responsible for either the accuracy or adequacy of the material 
supplied as input for processing by the spColumn computer program. Furthermore, STRUCTUREPOINT neither makes any warranty expressed nor implied 
with respect to the correctness of the output prepared by the spColumn program. Although STRUCTUREPOINT has endeavored to produce spColumn error 
free the program is not and cannot be certified infallible. The final and only responsibility for analysis, design and engineering documents is the licensee's. 
Accordingly, STRUCTUREPOINT disclaims all responsibility in contract, negligence or other tort for any analysis, design or engineering documents prepared 
in connection with the use of the spColumn program. Licensed to: Exeltech Consulting, Inc.. License ID: 73177-1074122-4-27B80-XXXXX
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1. General Information 
File Name E:\Project folders\Exelte...\Right 

Foundation.col
Project ---
Column ---
Engineer ---
Code ACI 318-14
Bar Set ASTM A615
Units English
Run Option Investigation
Run Axis X - axis
Slenderness Not Considered
Column Type Structural
Capacity Method Critical capacity

2. Material Properties 
2.1. Concrete 
Type Standard
f'c 4 ksi
Ec 3605 ksi
fc 3.4 ksi
εu 0.003 in/in
β1 0.85

2.2. Steel 
Type Standard
fy 60 ksi
Es 29000 ksi
εyt 0.00206897 in/in

3. Section 
3.1. Shape and Properties 
Type Circular
Diameter 54 in
Ag 2290.22 in2

Ix 417393 in4

Iy 417393 in4

rx 13.5 in
ry 13.5 in
Xo 0 in
Yo 0 in
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3.2. Section Figure 

Circular 54 x 54 in 0.87% reinf.

Figure 1: Column section

4. Reinforcement 
4.1. Bar Set: ASTM A615 

Bar Diameter Area Bar Diameter Area Bar Diameter Area
in in2 in in2 in in2

#3 0.38 0.11 #4 0.50 0.20 #5 0.63 0.31
#6 0.75 0.44 #7 0.88 0.60 #8 1.00 0.79
#9 1.13 1.00 #10 1.27 1.27 #11 1.41 1.56

#14 1.69 2.25 #18 2.26 4.00

4.2. Confinement and Factors 
Confinement type Spiral
For #11 bars or less #4 ties
For larger bars #4 ties

Capacity Reduction Factors
Axial compression, (a) 0.85
Tension controlled ɸ, (b) 0.9
Compression controlled ɸ, (c) 0.75

4.3. Arrangement 
Pattern All sides equal
Bar layout Circular
Cover to Transverse bars
Clear cover 4 in
Bars 20 #9

Total steel area, As 20.00 in2

Rho 0.87 %
Minimum clear spacing 5.74 in
(Note: Rho < 1.0%)

y

x
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5. Factored Loads and Moments with Corresponding Capacity Ratios 
NOTE: Calculations are based on "Critical Capacity" Method.

No. Demand Capacity Parameters at Capacity Capacity
Pu Mux ɸPn ɸMnx NA Depth εt ɸ Ratio
kip k-ft kip k-ft in

1 19.20 699.86 0.00 1899.98 9.72 0.01210 0.900 0.67
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6. Diagrams 
6.1. PM at θ=0 [deg] 
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I405 Renton - Bellevue Widening

Foundation Design For Sign
Structure. (1B - 7726+51.00 -
ST-006)

09-29-2021

The embedment required for Left and Right foundation is 11.26' and 13.08' . Providing
embedment of 12' and 14' for each side resp.

Shaft Diameter = 4.5'

Longitudinal reinforcement = 20-#9 Bars

Transverse reinforcement = #4 Spiral reinforcement.

This reinforcement values have been verified using SpColumn and are satisfactory.

SSO

ASJ/SJK

09-29-2021
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EXISTING 12" STORM LINE.

SEE SHEETS SSD-A10 AND SSD-A13

WITH BARRIER SHAPE CAP

FOUNDATION TYPE 1

(TO REMAIN)

EXACT LOCATION NOT SHOWN, VERIFY IN FIELD

EXISTING 6" STORM LINE.

(TO REMAIN)

EXACT LOCATION NOT SHOWN, VERIFY IN FIELD

EXISTING ITS CONDUIT.

REROUTE AS REQUIRED TO CLEAR FOUNDATION

PROPOSED 6" UNDERDRAIN PIPE
PROPOSED 24" STORM LINE

TYP.

PROPOSED DRAINAGE STRUCTURE

PROPOSED 6" UNDERDRAIN PIPE

(TO BE REMOVED AND REPLACED)

EXACT LOCATION NOT SHOWN, VERIFY IN FIELD.

EXISTING 18" STORM LINE.

POSTS (V) BEAM A (V) BEAM B (V) BEAM C (V) POST BASE (V) BOLTED SPLICE #1 BOLTED SPLICE #2

"A"

1'-6" 2'-3"

"B" "T1"

2'-3"

"B"

2'-0"

"C" "T2"

2'-3"

"B"

2'-0"

"C" "T2"

2'-3"

"B" "C" "T2"

1-3/4"

"D1" "S5" "S6" "T3" "T6" "S1" "S2" "S3" "S4""T4" "T5" "S1" "S2" "S3" "S4"

2-1/4"

"T4" "T5"

5/8" 5/8" 5/8" 5/8" 4.00 4.00 3" 3/4"6.00 N/A 5.00 N/A 2" 5/8"6.00 N/A 5.00 N/A 3/4"

MONOTUBE SIGN BRIDGE TABLE

2'-0"

NOTES:

4'-6" 13'-0"

FOUNDATION (TYPE 1)

RIGHT 4'-6" 14'-0"

SOIL CASE *

LEFT

OFFSET

#9

SIZE ("X")

VERTICAL REBAR 

BARS ("Y")

NO. OF VERTICAL 

20

#9 20

("Z")

DEPTH

CASE 5

CASE 5

ø

SHAFT

FOR BARRIER TRANSITION.

SEE PAVING PLAN SHEET PV-30 5.

SN-30.

ARE SHOWN IN PLAN ON SHEET 

THE SIGN & SIGN STRUCTURE 4.

SHEET SSD-A01.

STRUCTURES ARE SHOWN ON 

GENERAL NOTES FOR SIGN 3.

SEG 1B DATED 09/28/2021.

MONOTUBE POLE STRUCTURES - 

GEOTECHINCAL REPORT 

ARE IDENTIFIED PER THE 

* ASSUMED SOIL TYPE CASES 2.

PLANS.

ROADWAY, DRAINAGE, AND ITS 

REFERENCE ONLY PER 

INFORMATION SHOWN HERE FOR 

ROADWAY, DRAINAGE, AND ITS 1.

FINAL DESIGN
NOT FOR CONSTRUCTION
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I405 Renton-Bellevue Widening

Member Size Determination.
(1B - 7734+86.00 - ST-007)

h1 and h2 are measured from the bottom of base plate to the center of the horizontal
member.

L is measured as the center to center distance between the Vertical Members.

Signs Mounted on Sign Bridge:

1. SIGN NO. 30-12 and SIGN NO. 30-13

Dimension of sign:

L = 5'  H = 5.67'

Total Area of Sign (A1) = L x H = 2 x 5 x 5.67 = 56.7sqft

2. SIGN NO. 30-8

L = 21  H = 13

Area of Sign (A2) = L x H = 21 x 13 = 273sqft

3. SIGN NO. 30-7A and SIGN NO 30-7B

L = 16'  H = 10.5'

L = 6' H = 2.5'

Total Area of Sign (A3) = L x H = 16 x 10.5 + 6 x 2.5  = 183sqft

Total Area of Sign = A1 + A2 + A3 = 56.7+273+183 = 512.7sqft

SSO

09-29-2021

PW/SJK

09-29-2021



Project: I405 Renton-Bellevue Engineer: SSO Project #

Widening Date: 9/29/2021 1906

Subject: Sizing of Sign Bridge Members. Checker: PW/SJK Page

Date: 9/29/2021

Total Span Length, "S" = 82 ft (Centerline of posts)

Post Height, H = 22.5 ft (Bottom of base plate to CL of beam)

Total Sign Area = 512.7 sqft

Post Data

Hmax, ft A, ft B, ft T1, in D1, in S5 S6 T3, in T, in

22.50 1.50 2.25 0.63 1.75 4.00 4.00 3.00 0.75

Beam A

L1, ft B, ft C, ft T2, in camber, in

6.00 2.25 2.00 0.63 5

Beam B

L2, ft B, ft C, ft T2, in

15.00 2.25 2.00 0.63

Beam C

L3, ft B, ft C, ft T2, in

40.00 2.25 2.00 0.63

Beam D

L4, ft B, ft C, ft T2, in

N/A N/A N/A N/A

Splice 1

S1 S2 S3 S4 T4, in T5, in

6.00 N/A 5.00 N/A 2.00 0.63

Splice 2

S1 S2 S3 S4 T4, in T5, in

6.00 N/A 5.00 N/A 2.25 0.75

Splice 3

S1 S2 S3 S4 T4, in T5, in

N/A N/A N/A N/A N/A N/A

This sheet will check WSDOT BDM Table 10.1.4-1 for an approved sign bridge layout, given the follwing design 

info:

DESIGN IS POSSIBLE

HORIZONTAL MEMBER DIMENSION

B

C

T2

TOP OF SIGN
STRUCTURE

ERTICAL MEMBER DIMENSION

A

B

T1

FLOW OF
TRAFFIC

VERTICAL MEMBER DIMENSION



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B- 7734+86.00 - ST-007

Project Number: 1906 

Calculation By: ASJ Date:12/09/20

Check By:RJN Date: 12/09/2020

To Determine the Wind Load Acting on the Sign Structure.

As per WSDOT BDM 10.1.1 D, Basic wind speed of 115mph shall be used in computing 
design wind pressure using equation 3.8.1-1 of AASHTO LRFD Specifications for Structural 
Supports for Highway Signs, Luminaires and Traffic Signals.

The references pertaining to AASHTO refer to AASHTO LRFD Specifications for Structural 
Supports for Highway Signs, Luminaires and Traffic Signals hence forth unless mentioned 
otherwise.

≔Pz ⋅⋅⋅⋅⋅0.00256 Kz Kd G V
2
Cd AASHTO EQN 3.8.1-1

V = Basic Wind Speed (mph)

Kz = Height and Exposure Factor per AASHTO Article 3.8.4

Kd = Directionality Factor per AASHTO Article 3.8.5

G = Gust Effect Factor per AASHTO 3.8.6

Cd = Drag Coefficient per AASHTO 3.8.7

To determine Basic Wind Speed

≔V 115 mph WSDOT BDM 10.1.1.D

To determine Height and Exposure Factor, Kz

z = Greater of 16 ft or Height above ground at which the pressure is calculated.

≔h 27.59 ft

≔z =if

else

>h 16 ft
‖
‖h

‖
‖16 ft

27.59 ft

≔zg 900 ft AASHTO 3.8.4

≔α 9.5 AASHTO 3.8.4



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B- 7734+86.00 - ST-007

Project Number: 1906 

Calculation By: ASJ Date:12/09/20

Check By:RJN Date: 12/09/2020

≔Kz =⋅2
⎛
⎜
⎝
―
z

zg

⎞
⎟
⎠

―
2

α

0.96

To determine Directionality Factor, Kd

≔Kd 0.85 AASHTO Table 3.8.5-1

Support with Horizontal arms or members supporting sign and/or signals.

To determine Gust Effect Factor, G

≔G 1.14 AASHTO 3.8.6



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B- 7734+86.00 - ST-007

Project Number: 1906 

Calculation By: ASJ Date:12/09/20

Check By:RJN Date: 12/09/2020

To Determine Drag Coeffocent, Cd

≔Cdh 1.3 AASHTO T3.8.7-1

Assuming Cd = 1.3 for horizontal members to be conservative.

≔Cdv 2.0 AASHTO T3.8.7-1

Assuming Cd = 2.0 for vertical members to be conservative.



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B- 7734+86.00 - ST-007

Project Number: 1906 

Calculation By: ASJ Date:12/09/20

Check By:RJN Date: 12/09/2020

To determine Wind Pressure (Pz)  for Horizontal Members.

=Kz 0.96

=Kd 0.85

=G 1.14

=V 115 mph

=Cdh 1.3

≔Pz ⋅⋅⋅⋅⋅⋅0.00256 Kz Kd G V
2
Cdh psf AASHTO EQN 3.8.1-1

=Pz 40.955 psf

To determine Wind Pressure (Pz)  for Vertical Members.

=Kz 0.96

=Kd 0.85

=G 1.14

=V 115 mph

=Cdv 2

≔Pz ⋅⋅⋅⋅⋅⋅0.00256 Kz Kd G V
2
Cdv psf AASHTO EQN 3.8.1-1

=Pz 63.007 psf



  

 

e x e I t e c h 

 

(0,0,0)

L=82'

h1
=

 2
2.

5'

h2
=

 1
7.

58
'

(0,22.5',0) (82',22.5',0)

(82',4.92,0)

I405 Renton-Bellevue Widening

RISA Model Input 
(1B - 7734+86.00 - ST-007)

Loads Acting on the Sign Structure:

DL = 3.25psf distributed over 12ft tall sign structure = 3.25*12 = 39plf

LL = 0

WL = Wind Loading calculated from MathCAD * Trib. Area 

WL on horizontal members = Pzh * 12' = 40.955 * 12' = 492plf

WL on vertical members is distributed into two separate components:

BLn = Basic load normal to plane of the structure =  Pzv * A = 63 * 1.5 = 94.5plf

BLt = Basic load transverse to plane of the structure = Pzv * B = 63 * 2.25 = 141.75plf

IL = 3psf distributed over surface area of Members 

IL on horizontal members = 3*(perimeter of member) = 3*2*(2.25+2) = 25.5plf 

IL on vertical members = 3*(perimeter of member) = 3*2*(1.5+2.25) = 22.5plf

h1 and h2 are measured from the bottom of base plate to the center of the horizontal
member.

L is measured as the center to center distance between the Vertical Members.

SSO

09-29-2021

PW/SJK

09-29-2021
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I405 Renton-Bellevue Widening

RISA Model Input 
(1B - 7734+86.00 - ST-007)

Load Combinations:

IL is assumed to be as a transient load and all loads applicable to LL have been applied to IL.

Strength 1:  1.25DL+1.6L

Extreme 1 (Max): 1.1DL+1.0W 

Extreme 1 (Max) Case 1: 1.1DL + 1.0Wh + 1.0(BLn)

Extreme 1 (Max) Case 2: 1.1DL + 1.0Wh + 1.0(BLt)

Extreme 1 (Max) Case 3: 1.1DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

Extreme 1 (Min): 0.9DL+1.0W

Extreme 1 (Max) Case 1: 0.9DL + 1.0Wh + 1.0(BLn)

Extreme 1 (Max) Case 2: 0.9DL + 1.0Wh + 1.0(BLt)

Extreme 1 (Max) Case 3: 0.9DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

Service 1: 1.0DL+1.0W

Service 1 (Max) Case 1: 1.0DL + 1.0Wh + 1.0(BLn)

Service 1 (Max) Case 2: 1.0DL + 1.0Wh + 1.0(BLt)

Service 1 (Max) Case 3: 1.0DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

SSO

09-29-2021

PW/SJK

09-29-2021



RISA USED FOR ANALYSIS
ONLY











Project: I405 Renton-Bellevue Engineer: SSO Project #
Date: 9/29/2021 1906

Subject: Checker: JTM Page
Date: 9/29/2021

Load Combination Joint Label X (kip) Y (kip) Z (kip) Mx (k-ft) My (k-ft) Mz (k-ft) Resultant Shear (SRSS) (kip) Resultant Moment (SRSS) (k-ft)
1 N1 12.05 20.73 0.00 0.00 0.00 -96.89 23.98 96.89
1 N4 -12.05 19.13 0.00 0.00 0.00 48.88 22.61 48.88
2 N1 9.38 16.04 21.68 449.55 -113.61 -75.43 28.55 469.78
2 N4 -9.38 14.81 22.47 404.01 166.09 38.07 28.50 438.47
3 N1 6.63 15.90 19.56 426.56 -114.22 -54.48 26.06 444.93
3 N4 -12.34 14.95 20.78 387.98 165.40 61.76 28.42 426.26
4 N1 7.32 15.93 21.15 443.79 -113.77 -59.72 27.47 462.02
4 N4 -11.60 14.92 22.05 400.01 165.91 55.84 29.04 436.64
5 N1 7.68 13.12 21.68 448.95 -113.64 -61.71 26.48 467.20
5 N4 -7.68 12.12 22.47 403.65 166.06 31.15 26.66 437.59
6 N1 4.92 12.98 19.56 425.98 -114.24 -40.77 23.98 442.91
6 N4 -10.63 12.26 20.79 387.63 165.38 54.84 26.37 424.98
7 N1 5.61 13.02 21.15 443.20 -113.79 -46.00 25.46 459.88
7 N4 -9.89 12.23 22.05 399.65 165.89 48.92 27.08 435.47
8 N1 8.53 14.58 21.68 449.25 -113.63 -68.57 27.48 468.44
8 N4 -8.53 13.47 22.47 403.83 166.07 34.61 27.55 438.02
9 N1 5.78 14.44 19.56 426.27 -114.23 -47.62 24.99 443.87
9 N4 -11.49 13.61 20.79 387.80 165.39 58.30 27.37 425.61

10 N1 8.53 14.58 22.74 460.73 -113.32 -68.57 28.33 479.39
10 N4 -8.53 13.47 23.31 411.85 166.41 34.61 28.24 445.55

Widening
Reactions from RISA Model
For Sign Structures.

Maximum Moment (kip-ft)=

29.04

479.39

Shear Moment

Maximum Shear (kip) =



Project: I405 Renton-Bellevue Engineer: SSO Project #
Widening Date: 9/29/2021 1906

Subject: Checker: JTM Page
Design for Sign Structure Foundation Date: 9/29/2021

Sign Structure = Foundation = Left (based on elevation view)

L = 12.22 ft Ka = 0.31
M = 479390 ft-# Pa (Unfactored) = 0 #
VF = 29040 # Pa (Factored) = 0 #
D = 4.50 ft MF = 590323 ft-#

Pv = 20730 # Pp = 181129 #
G.D. = 0.00 ft F = 152089 #

Ht Above Grade = 3.82 ft Vert Bearing Pressure = 1303 PSF OK (Pv/Area of Shaft)
β = 0.00 deg ΦTn = F*tanΦD/2 = 213830 ft-# OK (BDM 10.1.5(1))
γ = 105 PCF Kp = 3.25

Φ = 32.00 deg L' = q/(γKp) = 3.80 ft  
Torsion, (Tn) = 114230 ft-# Embedment Check = 0.00 OK

z = 3.56 ft  
H= 20.33

Mu = 659003 ft-#
Vu = 29040 ft-#

Check against Allowable Lateral Bearing Pressures:

Maximum Applied Soil Pressure Per Classical Broms'= 4177 PSF (Kp*γ*L)

Allowable Lateral Bearing Pressure exceeded, therefore use modified Broms' method

Classical Broms' Equations Modified Broms' Equations

Where;

2000 PSF

Embedment 
Check

Ultimate 
Moment in 

Shaft

1B - 7734+86.00 - ST-007

Allowable Vertical Bearing 
Pressure =

Allowable Lateral Bearing 
Pressure =

1300 PSF
From Geotech 
Report, Case 5

Sec. 5.4 of Geotech Report



Project: I405 Renton-Bellevue Engineer: SSO Project #
Widening Date: 9/29/2021 1906

Subject: Checker: JTM Page
Design for Sign Structure Foundation Date: 9/29/2021

Sign Structure = Foundation = Right (based on elevation view)

L = 14.01 ft Ka = 0.46
M = 479390 ft-# Pa (Unfactored) = 554 #
VF = 29040 # Pa (Factored) = 831 #
D = 4.50 ft MF = 584847 ft-#

Pv = 19130 # Pp = 183006 #
G.D. = 2.25 ft F = 153135 #

Ht Above Grade = 1.36 ft Vert Bearing Pressure = 1203 PSF OK (Pv/Area of Shaft)
β = 26.57 deg ΦTn = F*tanΦD/2 = 215302 ft-# OK (BDM 10.1.5(1))
γ = 105 PCF Kp = 1.73

Φ = 32.00 deg L' = q/(γKp) = 7.17 ft  
Torsion, (Tn) = 166410 ft-# Embedment Check = 0.00 OK

z = 5.24 ft  
H= 20.14

Mu = 675371 ft-#
Vu = 29871 ft-#

Check against Allowable Lateral Bearing Pressures:

Maximum Applied Soil Pressure Per Classical Broms'= 2542 PSF (Kp*γ*L)

Allowable Lateral Bearing Pressure exceeded, therefore use modified Broms' method

Classical Broms' Equations Modified Broms' Equations

Where;

Allowable Vertical Bearing 
Pressure =

2000 PSF Sec. 5.4 of Geotech Report

1B - 7734+86.00 - ST-007

Allowable Lateral Bearing 
Pressure =

1300 PSF
From Geotech 
Report, Case 5

Embedment 
Check

Ultimate 
Moment in 

Shaft
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1. General Information 
File Name E:\Project folders\Exeltec...\Left 

Foundation.col
Project ---
Column ---
Engineer ---
Code ACI 318-14
Bar Set ASTM A615
Units English
Run Option Investigation
Run Axis X - axis
Slenderness Not Considered
Column Type Structural
Capacity Method Critical capacity

2. Material Properties 
2.1. Concrete 
Type Standard
f'c 4 ksi
Ec 3605 ksi
fc 3.4 ksi
εu 0.003 in/in
β1 0.85

2.2. Steel 
Type Standard
fy 60 ksi
Es 29000 ksi
εyt 0.00206897 in/in

3. Section 
3.1. Shape and Properties 
Type Circular
Diameter 54 in
Ag 2290.22 in2

Ix 417393 in4

Iy 417393 in4

rx 13.5 in
ry 13.5 in
Xo 0 in
Yo 0 in
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3.2. Section Figure 

Circular 54 x 54 in 0.87% reinf.

Figure 1: Column section

4. Reinforcement 
4.1. Bar Set: ASTM A615 

Bar Diameter Area Bar Diameter Area Bar Diameter Area
in in2 in in2 in in2

#3 0.38 0.11 #4 0.50 0.20 #5 0.63 0.31
#6 0.75 0.44 #7 0.88 0.60 #8 1.00 0.79
#9 1.13 1.00 #10 1.27 1.27 #11 1.41 1.56

#14 1.69 2.25 #18 2.26 4.00

4.2. Confinement and Factors 
Confinement type Spiral
For #11 bars or less #4 ties
For larger bars #4 ties

Capacity Reduction Factors
Axial compression, (a) 0.85
Tension controlled ɸ, (b) 0.9
Compression controlled ɸ, (c) 0.75

4.3. Arrangement 
Pattern All sides equal
Bar layout Circular
Cover to Transverse bars
Clear cover 4 in
Bars 20 #9

Total steel area, As 20.00 in2

Rho 0.87 %
Minimum clear spacing 5.74 in
(Note: Rho < 1.0%)

y

x
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5. Factored Loads and Moments with Corresponding Capacity Ratios 
NOTE: Calculations are based on "Critical Capacity" Method.

No. Demand Capacity Parameters at Capacity Capacity
Pu Mux ɸPn ɸMnx NA Depth εt ɸ Ratio
kip k-ft kip k-ft in

1 20.73 659.00 0.00 1899.98 9.72 0.01210 0.900 0.66
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6. Diagrams 
6.1. PM at θ=0 [deg] 
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1. General Information 
File Name E:\Project folders\Exelte...\Right 

Foundation.col
Project ---
Column ---
Engineer ---
Code ACI 318-14
Bar Set ASTM A615
Units English
Run Option Investigation
Run Axis X - axis
Slenderness Not Considered
Column Type Structural
Capacity Method Critical capacity

2. Material Properties 
2.1. Concrete 
Type Standard
f'c 4 ksi
Ec 3605 ksi
fc 3.4 ksi
εu 0.003 in/in
β1 0.85

2.2. Steel 
Type Standard
fy 60 ksi
Es 29000 ksi
εyt 0.00206897 in/in

3. Section 
3.1. Shape and Properties 
Type Circular
Diameter 54 in
Ag 2290.22 in2

Ix 417393 in4

Iy 417393 in4

rx 13.5 in
ry 13.5 in
Xo 0 in
Yo 0 in
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3.2. Section Figure 

Circular 54 x 54 in 0.87% reinf.

Figure 1: Column section

4. Reinforcement 
4.1. Bar Set: ASTM A615 

Bar Diameter Area Bar Diameter Area Bar Diameter Area
in in2 in in2 in in2

#3 0.38 0.11 #4 0.50 0.20 #5 0.63 0.31
#6 0.75 0.44 #7 0.88 0.60 #8 1.00 0.79
#9 1.13 1.00 #10 1.27 1.27 #11 1.41 1.56

#14 1.69 2.25 #18 2.26 4.00

4.2. Confinement and Factors 
Confinement type Spiral
For #11 bars or less #4 ties
For larger bars #4 ties

Capacity Reduction Factors
Axial compression, (a) 0.85
Tension controlled ɸ, (b) 0.9
Compression controlled ɸ, (c) 0.75

4.3. Arrangement 
Pattern All sides equal
Bar layout Circular
Cover to Transverse bars
Clear cover 4 in
Bars 20 #9

Total steel area, As 20.00 in2

Rho 0.87 %
Minimum clear spacing 5.74 in
(Note: Rho < 1.0%)

y

x
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5. Factored Loads and Moments with Corresponding Capacity Ratios 
NOTE: Calculations are based on "Critical Capacity" Method.

No. Demand Capacity Parameters at Capacity Capacity
Pu Mux ɸPn ɸMnx NA Depth εt ɸ Ratio
kip k-ft kip k-ft in

1 19.13 675.37 0.00 1899.98 9.72 0.01210 0.900 0.67
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6. Diagrams 
6.1. PM at θ=0 [deg] 
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I405 Renton - Bellevue Widening

Foundation Design For Sign
Structure. (1B - 7734+86.00 -
ST-007)

The embedment required for left and right foundation is 12.22' and 14.01' respectively.
Provide Embedment of 13' and 14' for left and right foundation resp.

Shaft Diameter = 4.5'

Longitudinal reinforcement = 20-#9 Bars

Transverse reinforcement = #4 Spiral reinforcement.

This reinforcement values have been verified using SpColumn and are satisfactory.

SSO

09-29-2021

PW/SJK

09-29-2021
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SB I405 LINE

FINAL GRADE

ELEV. 244.13

ELEVATION

ST-008

SIGN BRIDGE

SB I405 STA 5629+58.00

 SSD-A11

SEE SHEET SSD-A10 AND

FOUNDATION TYPE 1 CAP

23-4ASIGN

23-4B
SIGN

23-1
SIGN

23-10
SIGN

(BOT. OF BARRIER)

 

"4
1

2'-9

SHDR 

"4
1

2'-9

SHDR

12'-0"

ELEV. 248.35

ELEV. 244.18

ELEV. 244.17

ELEV. 243.26

ELEV. 247.93

STRUCTURE SHALL BE 700 SQ. FT.

THE MAXIMUM SIGN AREA ON THIS 

LOOKING AHEAD ON STATIONING

UNDERDRAIN PIPE

PROPOSED 6" 
SEE SHEETS SSD-A10 AND SSD-A13

WITH BARRIER SHAPE CAP

FOUNDATION TYPE 1

"Z
" 

R
IG

H
T

"Z
" 

L
E

F
T

(TO REMAIN)

EXACT LOCATION NOT SHOWN, VERIFY IN FIELD

EXISTING ILLUMINATION CONDUIT.

23-11
SIGN

 ILLUMINATION CONDUIT

PROPOSED

TYP.

(TO REMAIN)

RELOCATE AS REQUIRED TO CLEAR FOUNDATION

EXACT LOCATION NOT SHOWN, VERIFY IN FIELD.

EXISTING ITS CONDUIT.

POSTS (V) BEAM A (V) BEAM B (V) BEAM C (V) POST BASE (V) BOLTED SPLICE #1 BOLTED SPLICE #2

"A"

1'-6" 2'-3"

"B" "T1"

2'-3"

"B"

2'-0"

"C" "T2"

2'-3"

"B"

2'-0"

"C" "T2"

2'-3"

"B" "C" "T2"

1-3/4"

"D1" "S5" "S6" "T3" "T6" "S1" "S2" "S3" "S4""T4" "T5" "S1" "S2" "S3" "S4"

2-1/4"

"T4" "T5"

5/8" 5/8" 5/8" 5/8" 4.00 4.00 3" 3/4"6.00 N/A 5.00 N/A 2" 5/8"6.00 N/A 5.00 N/A 3/4"

MONOTUBE SIGN BRIDGE TABLE

2'-0"

NOTES:

4'-6" 8'-0"

FOUNDATION (TYPE 1)

RIGHT 4'-6" 12'-0"

SOIL CASE *

LEFT

OFFSET

#9

SIZE ("X")

VERTICAL REBAR 

BARS ("Y")

NO. OF VERTICAL 

20

#9 20

("Z")

DEPTH

CASE 2

CASE 5

ø

SHAFT

BARRIER TRANSITION.

SEE PAVING PLAN SHEET PV-23 FOR 5.

IN PLAN ON SHEET SN-23.

THE SIGN & SIGN STRUCTURE ARE SHOWN 4.

ARE SHOWN ON SHEET SSD-A01.

GENERAL NOTES FOR SIGN STRUCTURES 3.

DATED 09/28/2021.

MONOTUBE POLE STRUCTURES - SEG 1B 

IDENTIFIED PER THE GEOTECHINCAL REPORT 

* ASSUMED SOIL TYPE CASES ARE 2.

ROADWAY, DRAINAGE, AND ITS PLANS.

SHOWN HERE FOR REFERENCE ONLY PER 

ROADWAY, DRAINAGE, AND ITS INFORMATION 1.
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L=72.33'

h1
=

21
.0

8'

h2
=

21
.5

'

I405 Renton-Bellevue Widening SSO

12-09-2020

Member Size Determination.
(1B - 5629+58.00 - ST-008)

h1 and h2 are measured from the bottom of base plate to the center of the horizontal
member.

L is measured as the center to center distance between the Vertical Members.

Signs Mounted on Sign Bridge:

1. SIGN NO. 23-11, SIGN NO. 23-1 & SIGN NO. 23-10

Dimension of sign:

L = 4'   H = 5'

L = 5'   H = 3.5'

Total Area of Sign (A1) = L x H = 2 x 4 x 5 + 5 x 3.5 = 57.5sqft 

2. SIGN NO. 23-4A & SIGN NO. 23-4B 

L = 16'  H = 10.5'

L = 6'  H = 2.5' 

Total Area of Sign (A2) = L x H = 16 x 10.5 + 6 x 2.5 = 183 sqft

3. SIGN NO. 23-5 

L = 12'  H = 10.5'

Total Area of Sign (A2) = L x H = 12 x 10.5 = 126 sqft

Total Area of Sign = A1 + A2 + A3 = 57.5+183+126 = 366.5sqft

PW/SJK

10-29-2021



Project: I405 Renton-Bellevue Engineer: SSO Project #

Widening Date: 9/29/2021 1906

Subject: Sizing of Sign Bridge Members. Checker: PW/SJK Page

Date: 9/29/2021

Total Span Length, "S" = 72.33 ft (Centerline of posts)

Post Height, H = 21.5 ft (Bottom of base plate to CL of beam)

Total Sign Area = 366.5 sqft

Post Data

Hmax, ft A, ft B, ft T1, in D1, in S5 S6 T3, in T, in

21.50 1.50 2.25 0.63 1.75 4.00 4.00 3.00 0.75

Beam A

L1, ft B, ft C, ft T2, in camber, in

6.00 2.25 2.00 0.63 3.75

Beam B

L2, ft B, ft C, ft T2, in

12.67 2.25 2.00 0.63

Beam C

L3, ft B, ft C, ft T2, in

35.00 2.25 2.00 0.63

Beam D

L4, ft B, ft C, ft T2, in

N/A N/A N/A N/A

Splice 1

S1 S2 S3 S4 T4, in T5, in

6.00 N/A 5.00 N/A 2.00 0.63

Splice 2

S1 S2 S3 S4 T4, in T5, in

6.00 N/A 5.00 N/A 2.25 0.75

Splice 3

S1 S2 S3 S4 T4, in T5, in

N/A N/A N/A N/A N/A N/A

This sheet will check WSDOT BDM Table 10.1.4-1 for an approved sign bridge layout, given the follwing design 

info:

DESIGN IS POSSIBLE



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B - 5629+58.00 - ST-008.

Project Number: 1906 

Calculation By: SSO Date:12/09/20

Check By:PW/SJK Date: 12/09/20

To Determine the Wind Load Acting on the Sign Structure.

As per WSDOT BDM 10.1.1 D, Basic wind speed of 115mph shall be used in computing 
design wind pressure using equation 3.8.1-1 of AASHTO LRFD Specifications for Structural 
Supports for Highway Signs, Luminaires and Traffic Signals.

The references pertaining to AASHTO refer to AASHTO LRFD Specifications for Structural 
Supports for Highway Signs, Luminaires and Traffic Signals hence forth unless mentioned 
otherwise.

≔Pz ⋅⋅⋅⋅⋅0.00256 Kz Kd G V
2
Cd AASHTO EQN 3.8.1-1

V = Basic Wind Speed (mph)

Kz = Height and Exposure Factor per AASHTO Article 3.8.4

Kd = Directionality Factor per AASHTO Article 3.8.5

G = Gust Effect Factor per AASHTO 3.8.6

Cd = Drag Coefficient per AASHTO 3.8.7

To determine Basic Wind Speed

≔V 115 mph WSDOT BDM 10.1.1.D

To determine Height and Exposure Factor, Kz

z = Greater of 16 ft or Height above ground at which the pressure is calculated.

≔h 26.2 ft

≔z =if

else

>h 16 ft
‖
‖h

‖
‖16 ft

26.2 ft

≔zg 900 ft AASHTO 3.8.4

≔α 9.5 AASHTO 3.8.4



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B - 5629+58.00 - ST-008.

Project Number: 1906 

Calculation By: SSO Date:12/09/20

Check By:PW/SJK Date: 12/09/20

≔Kz =⋅2
⎛
⎜
⎝
―
z

zg

⎞
⎟
⎠

―
2

α

0.95

To determine Directionality Factor, Kd

≔Kd 0.85 AASHTO Table 3.8.5-1

Support with Horizontal arms or members supporting sign and/or signals.

To determine Gust Effect Factor, G

≔G 1.14 AASHTO 3.8.6



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B - 5629+58.00 - ST-008.

Project Number: 1906 

Calculation By: SSO Date:12/09/20

Check By:PW/SJK Date: 12/09/20

To Determine Drag Coeffocent, Cd

≔Cdh 1.3 AASHTO T3.8.7-1

Assuming Cd = 1.3 for horizontal members to be conservative.

≔Cdv 2.0 AASHTO T3.8.7-1

Assuming Cd = 2.0 for vertical members to be conservative.



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B - 5629+58.00 - ST-008.

Project Number: 1906 

Calculation By: SSO Date:12/09/20

Check By:PW/SJK Date: 12/09/20

To determine Wind Pressure (Pz)  for Horizontal Members.

=Kz 0.95

=Kd 0.85

=G 1.14

=V 115 mph

=Cdh 1.3

≔Pz ⋅⋅⋅⋅⋅⋅0.00256 Kz Kd G V
2
Cdh psf AASHTO EQN 3.8.1-1

=Pz 40.511 psf

To determine Wind Pressure (Pz)  for Vertical Members.

=Kz 0.95

=Kd 0.85

=G 1.14

=V 115 mph

=Cdv 2

≔Pz ⋅⋅⋅⋅⋅⋅0.00256 Kz Kd G V
2
Cdv psf AASHTO EQN 3.8.1-1

=Pz 62.325 psf
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(0,0.42,0)

L=72.33

h1
=

 2
1.

08

h2
=

21
.5

(0,21.5,0) (69.5,21.5,0)

(69.5,0,0)

I405 Renton-Bellevue Widening

RISA Model Input 
(1B - 5629+58.00 - ST-008)

Loads Acting on the Sign Structure:

DL = 3.25psf distributed over 12ft tall sign structure = 3.25*12 = 39plf

LL = 0

WL = Wind Loading calculated from MathCAD * Trib. Area 

WL on horizontal members = Pzh * 12' = 40.511 * 12' = 486.2plf

WL on vertical members is distributed into two separate components:

BLn = Basic load normal to plane of the structure =  Pzv * A = 62.325 * 1.5' = 93.49plf

BLt = Basic load transverse to plane of the structure = Pzv * B = 62.325 * 2.25' = 140.23plf

IL = 3psf distributed over surface area of Members 

IL on horizontal members = 3*(perimeter of member) = 3*2*(2.25+2) = 25.5plf

IL on vertical members = 3*(perimeter of member) = 3*2*(2.25+1.5) = 22.5plf

h1 and h2 are measured from the bottom of base plate to the center of the horizontal
member.

L is measured as the center to center distance between the Vertical Members.

SSO

09-29-2021

PW/SJK

09-29-2021
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I405 Renton-Bellevue Widening

RISA Model Input 
(1B - 5629+58.00 - ST-008)

Load Combinations:

IL is assumed to be as a transient load and all loads applicable to LL have been applied to IL.

Strength 1:  1.25DL+1.6L

Extreme 1 (Max): 1.1DL+1.0W 

Extreme 1 (Max) Case 1: 1.1DL + 1.0Wh + 1.0(BLn)

Extreme 1 (Max) Case 2: 1.1DL + 1.0Wh + 1.0(BLt)

Extreme 1 (Max) Case 3: 1.1DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

Extreme 1 (Min): 0.9DL+1.0W

Extreme 1 (Max) Case 1: 0.9DL + 1.0Wh + 1.0(BLn)

Extreme 1 (Max) Case 2: 0.9DL + 1.0Wh + 1.0(BLt)

Extreme 1 (Max) Case 3: 0.9DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

Service 1: 1.0DL+1.0W

Service 1 (Max) Case 1: 1.0DL + 1.0Wh + 1.0(BLn)

Service 1 (Max) Case 2: 1.0DL + 1.0Wh + 1.0(BLt)

Service 1 (Max) Case 3: 1.0DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

ASJ

12-09-2020

RJN

12-10-2020
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Model Settings

Number of Reported Sections 5
Number of Internal Sections 97
Member Area Load Mesh Size (in2) 144
Consider Shear Deformation Yes
Consider Torsional Warping Yes

Approximate Mesh Size (in) 24
Transfer Forces Between Intersecting Wood Walls Yes
Increase Wood Wall Nailing Capacity for Wind Loads Yes
Include P-Delta for Walls Yes
Optimize Masonry and Wood Walls Yes
Maximum Number of Iterations 3

Single No
Multiple (Optimum) Yes
Maximum No

Global Axis corresponding to vertical direction Y
Convert Existing Data Yes

Default Global Plane for z-axis XZ

Plate Local Axis Orientation Global

Hot Rolled Steel AISC 15th (360-16): ASD
Stiffness Adjustment Yes (Iterative)
Notional Annex None
Connections AISC 14th (360-10): ASD
Cold Formed Steel AISI S100-16: ASD
Stiffness Adjustment Yes (Iterative)
Wood AWC NDS-18: ASD
Temperature < 100F
Concrete ACI 318-14
Masonry TMS 402-16: ASD
Aluminum AA ADM1-15: ASD
Structure Type Building
Stiffness Adjustment Yes (Iterative)
Stainless AISC 14th (360-10): ASD
Stiffness Adjustment Yes (Iterative)

Analysis Methodology Exact Integration Method
Parme Beta Factor 0.65
Compression Stress Block Rectangular Stress Block
Analyze using Cracked Sections Yes
Leave room for horizontal rebar splices (2*d bar spacing) No
List forces which were ignored for design in the Detail Report Yes

Column Min Steel 1
Column Max Steel 8
Rebar Material Spec ASTM A615
Warn if beam-column framing arrangement is not understood No
Number of Shear Regions 4
Region 2 & 3 Spacing Increase Increment (in) 4

Code ASCE 7-16
Risk Category I
Drift Cat Other
Base Elevation (ft) -999999
Include the weight of the structure in base shear calcs Yes

S1(g) 1
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Model Settings (Continued)

SD1(g) 1
SDS(g) 1
TL(sec) 5

T (sec)
T (sec)
Ct 0.02
Ct 0.02
CtExp. 0.75
CtExp. 0.75
R 3
R 3
Ω0 1
Ω0 1
Cd 4
Cd 4
ρ 1
ρ 1
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Nodes

Label X [ft] Y [ft] Z [ft] Temp [deg F] Detach From Dia…
1 N1 0 0.42 0
2 N2 0 21.5 0
3 N3 72.33 21.5 0
4 N4 72.33 0 0

Boundary Conditions

Node Label X [k/in] Y [k/in] Z [k/in] X Rot [k-ft/rad] Y Rot [k-ft/rad] Z Rot [k-ft/rad]
1 N1 Reaction Reaction Reaction Reaction Reaction Reaction
2 N4 Reaction Reaction Reaction Reaction Reaction Reaction

Hot Rolled Steel Properties

Label E [ksi] G [ksi] Nu Therm. C…Density [k… Yield [ksi] Ry Fu [ksi] Rt
1 A992 29000 11154 0.3 0.65 0.49 50 1.1 65 1.1
2 A36 Gr.36 29000 11154 0.3 0.65 0.49 36 1.5 58 1.2
3 A572 Gr.50 29000 11154 0.3 0.65 0.49 50 1.1 65 1.1

Hot Rolled Steel Section Sets

Label Shape Type Design List Material Design R… Area [in²] Iyy [in⁴] Izz [in⁴] J [in⁴]
1 Horizonta… 24X27X5/8 Beam None A992 Typical 62.188 5837.785 6996.808 9550.038
2 Vertical M…18X27X0.… Column None A992 Typical 54.688 3037.824 5692.238 6000.211

Hot Rolled Member Properties

Label Shape Length [ft] Lb y-y [ft] Lb z-z [ft] Lcomp t… Lcomp… L-Torqu… K y-y K z-z Cb Function
1 M1 Vertical… 21.08 Lateral
2 M2 Vertical… 21.5 Lateral
3 M3 Horizon… 72.33 Lbyy Lateral

Dead Laod

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M3 Y -0.039 -0.039 0 %100 Active

Wind Load Wh

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M3 Z -0.486 -0.486 0 %100 Active

Ice Load

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M3 Y -0.026 -0.026 0 %100 Active
2 M1 Y -0.023 -0.023 0 %100 Active
3 M2 Y -0.023 -0.023 0 %100 Active

BLn

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M1 Z -0.093 -0.093 0 %100 Active
2 M2 Z -0.093 -0.093 0 %100 Active

BLt

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M1 X 0.14 0.14 0 %100 Active
2 M2 X 0.14 0.14 0 %100 Active

Basic Load Cases

BLC Des… Category X Gravity Y Gravity Z Gravity Nodal Point Distributed Area(Me… Surface(…
1 Dead Laod DL -1 1
2 Live Load LL
3 Wind Loa… WL 1
4 Ice Load SL 3
5 BLn None 2
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Basic Load Cases (Continued)

BLC Des… Category X Gravity Y Gravity Z Gravity Nodal Point Distributed Area(Me… Surface(…
6 BLt None 2

Load Combinations

De…So… P… S… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa…
1 Str… Yes Y 1 1.25 2 1.6 4 1.6
2 Ex… Yes Y 1 1.1 3 1 5 1
3 Ex… Yes Y 1 1.1 3 1 6 1
4 Ex… Yes Y 1 1.1 3 1 5 0.75 6 0.75
5 Ex… Yes Y 1 0.9 3 1 5 1
6 Ex… Yes Y 1 0.9 3 1 6 1
7 Ex… Yes Y 1 0.9 3 1 5 0.75 6 0.75
8 Se… Yes Y 1 1 3 1 5 1
9 Se… Yes Y 1 1 3 1 6 1

10 Se… Yes Y 1 1 3 1 5 0.75 5 0.75



Project: I405 Renton-Bellevue Engineer: ASJ Project #
Date: 12/9/2020 1906

Subject: Checker: RJN Page
Date: 12/9/2020

Load Combination Joint Label X (kip) Y (kip) Z (kip) Mx (k-ft) My (k-ft) Mz (k-ft) Resultant Shear (SRSS) (kip) Resultant Moment (SRSS) (k-ft)
1 N1 8.89 18.46 0.00 0.00 0.00 -58.51 20.49 58.51
1 N4 -8.89 18.59 0.00 0.00 0.00 61.45 20.61 61.45
2 N1 6.92 14.28 19.61 396.42 -98.68 -45.56 25.22 411.05
2 N4 -6.92 14.38 19.54 399.27 94.77 47.84 25.23 413.14
3 N1 3.93 14.08 17.63 375.40 -98.61 -20.86 22.90 388.70
3 N4 -9.90 14.58 17.53 377.72 94.83 72.29 24.85 396.09
4 N1 4.68 14.13 19.11 391.15 -98.66 -27.03 24.22 404.31
4 N4 -9.15 14.53 19.03 393.90 94.78 66.18 25.64 410.51
5 N1 5.66 11.68 19.61 395.99 -98.68 -37.27 23.51 409.80
5 N4 -5.66 11.77 19.54 398.82 94.77 39.14 23.50 411.79
6 N1 2.67 11.48 17.63 374.99 -98.61 -12.58 21.21 387.94
6 N4 -8.64 11.97 17.53 377.29 94.83 63.59 22.91 394.19
7 N1 3.42 11.53 19.11 390.73 -98.66 -18.75 22.58 403.43
7 N4 -7.90 11.92 19.03 393.46 94.78 57.48 23.80 408.77
8 N1 6.29 12.98 19.61 396.21 -98.68 -41.41 24.34 410.41
8 N4 -6.29 13.07 19.54 399.05 94.77 43.49 24.33 412.45
9 N1 3.30 12.78 17.63 375.20 -98.61 -16.72 22.02 388.30
9 N4 -9.27 13.27 17.53 377.50 94.83 67.94 23.86 395.12

10 N1 6.29 12.98 20.59 406.70 -98.71 -41.41 25.14 420.55
10 N4 -6.29 13.07 20.54 409.83 94.73 43.49 25.15 422.88

25.64

Maximum Moment (kip-ft)= 422.88

Shear Moment

Maximum Shear (kip) =

Widening
Reactions from RISA Model
For Sign Structures.



Project: I405 Renton-Bellevue Engineer: SSO Project #
Widening Date: 9/29/2021 1906

Subject: Checker: JTM Page
Design for Sign Structure Foundation Date: 9/29/2021

Sign Structure = Foundation = Left (based on elevation view)

L = 7.35 ft Ka = 0.19
M = 422880 ft-# Pa (Unfactored) = 0 #
VF = 25640 # Pa (Factored) = 0 #
D = 4.50 ft MF = 469032 ft-#

Pv = 18460 # Pp = 261760 #
G.D. = 0.00 ft F = 236120 #

Ht Above Grade = 1.80 ft Vert Bearing Pressure = 1161 PSF OK (Pv/Area of Shaft)
β = 0.00 deg ΦTn = F*tanΦD/2 = 495418 ft-# OK (BDM 10.1.5(1))
γ = 140 PCF Kp = 5.29

Φ = 43.00 deg L' = q/(γKp) = 6.08 ft  
Torsion, (Tn) = 98710 ft-# Embedment Check = 0.00 OK

z = 3.46 ft  
H= 18.29

Mu = 458871 ft-#
Vu = 25640 ft-#

Check against Allowable Lateral Bearing Pressures:

Maximum Applied Soil Pressure Per Classical Broms'= 5441 PSF (Kp*γ*L)

Allowable Lateral Bearing Pressure exceeded, therefore use modified Broms' method

Classical Broms' Equations Modified Broms' Equations

Where;

2000 PSF

Embedment 
Check

Ultimate 
Moment in 

Shaft

1B - 5629+58.00 - ST-008

Allowable Vertical Bearing 
Pressure =

Allowable Lateral Bearing 
Pressure =

4500 PSF
From Geotech 
Report, Case 2

Sec. 5.4 of Geotech Report



Project: I405 Renton-Bellevue Engineer: SSO Project #
Widening Date: 9/29/2021 1906

Subject: Checker: JTM Page
Design for Sign Structure Foundation Date: 9/29/2021

Sign Structure = Foundation = Right (based on elevation view)

L = 11.93 ft Ka = 0.31
M = 422880 ft-# Pa (Unfactored) = 502 #
VF = 25640 # Pa (Factored) = 753 #
D = 4.50 ft MF = 587123 ft-#

Pv = 18590 # Pp = 175992 #
G.D. = 2.63 ft F = 149599 #

Ht Above Grade = 3.75 ft Vert Bearing Pressure = 1169 PSF OK (Pv/Area of Shaft)
β = 0.00 deg ΦTn = F*tanΦD/2 = 210330 ft-# OK (BDM 10.1.5(1))
γ = 105 PCF Kp = 3.25

Φ = 32.00 deg L' = q/(γKp) = 3.80 ft  
Torsion, (Tn) = 94830 ft-# Embedment Check = 0.00 OK

z = 3.36 ft  
H= 22.90

Mu = 644040 ft-#
Vu = 26393 ft-#

Check against Allowable Lateral Bearing Pressures:

Maximum Applied Soil Pressure Per Classical Broms'= 4077 PSF (Kp*γ*L)

Allowable Lateral Bearing Pressure exceeded, therefore use modified Broms' method

Classical Broms' Equations Modified Broms' Equations

Where;

Allowable Vertical Bearing 
Pressure =

2000 PSF Sec. 5.4 of Geotech Report

1B - 5629+58.00 - ST-008

Allowable Lateral Bearing 
Pressure =

1300 PSF
From Geotech 
Report, Case 5

Embedment 
Check

Ultimate 
Moment in 

Shaft



Licensee stated below acknowledges that STRUCTUREPOINT (SP) is not and cannot be responsible for either the accuracy or adequacy of the material 
supplied as input for processing by the spColumn computer program. Furthermore, STRUCTUREPOINT neither makes any warranty expressed nor implied 
with respect to the correctness of the output prepared by the spColumn program. Although STRUCTUREPOINT has endeavored to produce spColumn error 
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1. General Information 
File Name E:\Project folders\Exeltec...\Left 

Foundation.col
Project ---
Column ---
Engineer ---
Code ACI 318-14
Bar Set ASTM A615
Units English
Run Option Investigation
Run Axis X - axis
Slenderness Not Considered
Column Type Structural
Capacity Method Critical capacity

2. Material Properties 
2.1. Concrete 
Type Standard
f'c 4 ksi
Ec 3605 ksi
fc 3.4 ksi
εu 0.003 in/in
β1 0.85

2.2. Steel 
Type Standard
fy 60 ksi
Es 29000 ksi
εyt 0.00206897 in/in

3. Section 
3.1. Shape and Properties 
Type Circular
Diameter 54 in
Ag 2290.22 in2

Ix 417393 in4

Iy 417393 in4

rx 13.5 in
ry 13.5 in
Xo 0 in
Yo 0 in
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3.2. Section Figure 

Circular 54 x 54 in 0.87% reinf.

Figure 1: Column section

4. Reinforcement 
4.1. Bar Set: ASTM A615 

Bar Diameter Area Bar Diameter Area Bar Diameter Area
in in2 in in2 in in2

#3 0.38 0.11 #4 0.50 0.20 #5 0.63 0.31
#6 0.75 0.44 #7 0.88 0.60 #8 1.00 0.79
#9 1.13 1.00 #10 1.27 1.27 #11 1.41 1.56

#14 1.69 2.25 #18 2.26 4.00

4.2. Confinement and Factors 
Confinement type Spiral
For #11 bars or less #4 ties
For larger bars #4 ties

Capacity Reduction Factors
Axial compression, (a) 0.85
Tension controlled ɸ, (b) 0.9
Compression controlled ɸ, (c) 0.75

4.3. Arrangement 
Pattern All sides equal
Bar layout Circular
Cover to Transverse bars
Clear cover 4 in
Bars 20 #9

Total steel area, As 20.00 in2

Rho 0.87 %
Minimum clear spacing 5.74 in
(Note: Rho < 1.0%)

y

x



STRUCTUREPOINT - spColumn v7.00 Page | 5
Licensed to: Exeltech Consulting, Inc.. License ID: 73177-1074122-4-27B80-XXXXX 12/1/2021
E:\Project folders\Exeltech\Sign Structures\1B\Std. signs\1B - 5629+58.00 - ...\Left Foundation.col 1:16 AM

5. Factored Loads and Moments with Corresponding Capacity Ratios 
NOTE: Calculations are based on "Critical Capacity" Method.

No. Demand Capacity Parameters at Capacity Capacity
Pu Mux ɸPn ɸMnx NA Depth εt ɸ Ratio
kip k-ft kip k-ft in

1 18.46 458.87 0.00 1899.98 9.72 0.01210 0.900 0.61
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6. Diagrams 
6.1. PM at θ=0 [deg] 
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free the program is not and cannot be certified infallible. The final and only responsibility for analysis, design and engineering documents is the licensee's. 
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1. General Information 
File Name E:\Project folders\Exelte...\Right 

Foundation.col
Project ---
Column ---
Engineer ---
Code ACI 318-14
Bar Set ASTM A615
Units English
Run Option Investigation
Run Axis X - axis
Slenderness Not Considered
Column Type Structural
Capacity Method Critical capacity

2. Material Properties 
2.1. Concrete 
Type Standard
f'c 4 ksi
Ec 3605 ksi
fc 3.4 ksi
εu 0.003 in/in
β1 0.85

2.2. Steel 
Type Standard
fy 60 ksi
Es 29000 ksi
εyt 0.00206897 in/in

3. Section 
3.1. Shape and Properties 
Type Circular
Diameter 54 in
Ag 2290.22 in2

Ix 417393 in4

Iy 417393 in4

rx 13.5 in
ry 13.5 in
Xo 0 in
Yo 0 in
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3.2. Section Figure 

Circular 54 x 54 in 0.87% reinf.

Figure 1: Column section

4. Reinforcement 
4.1. Bar Set: ASTM A615 

Bar Diameter Area Bar Diameter Area Bar Diameter Area
in in2 in in2 in in2

#3 0.38 0.11 #4 0.50 0.20 #5 0.63 0.31
#6 0.75 0.44 #7 0.88 0.60 #8 1.00 0.79
#9 1.13 1.00 #10 1.27 1.27 #11 1.41 1.56

#14 1.69 2.25 #18 2.26 4.00

4.2. Confinement and Factors 
Confinement type Spiral
For #11 bars or less #4 ties
For larger bars #4 ties

Capacity Reduction Factors
Axial compression, (a) 0.85
Tension controlled ɸ, (b) 0.9
Compression controlled ɸ, (c) 0.75

4.3. Arrangement 
Pattern All sides equal
Bar layout Circular
Cover to Transverse bars
Clear cover 4 in
Bars 20 #9

Total steel area, As 20.00 in2

Rho 0.87 %
Minimum clear spacing 5.74 in
(Note: Rho < 1.0%)

y

x
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5. Factored Loads and Moments with Corresponding Capacity Ratios 
NOTE: Calculations are based on "Critical Capacity" Method.

No. Demand Capacity Parameters at Capacity Capacity
Pu Mux ɸPn ɸMnx NA Depth εt ɸ Ratio
kip k-ft kip k-ft in

1 18.59 644.04 0.00 1899.98 9.72 0.01210 0.900 0.66
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6. Diagrams 
6.1. PM at θ=0 [deg] 
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I405 Renton - Bellevue Widening

Foundation Design For Sign
Structure.  (1B - 5629+58.00 -
ST-008)

SSO

09-29-2021
PW/SJK

10-29-2021

The embedment required for left and right foundation are 7.35' and 11.93' respectively,
Providing a 8' and 12' Embedment for left and right foundation resp.

Shaft Diameter = 4.5'.

Longitudinal reinforcement = 20-#9 Bars

Transverse reinforcement = #4 Spiral reinforcement.

This reinforcement values have been verified using SpColumn and are satisfactory.
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BEAM CAMBER DIAGRAM
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39'-6" OFFSET

LANE

11'-0"

SEE DETAIL2

-

SEE DETAIL2

-

SEE DETAIL 3

-

SEE DETAIL 1

-

 PLAN SHEET NW8

 WALL N-3 PER AS BUILT

EXISTING NOISE/RETAINING

SB I405 LINE

FINAL GRADE

ELEV. 229.15

ST-009

SIGN CANTILEVER

SB I405 STA 5639+20.00

ELEVATION

ELEV. 233.00

UNDERDRAIN PIPE

PROPOSED 6" 

(TO REMAIN)

EXACT LOCATION NOT SHOWN, VERIFY IN FIELD

EXISTING ILLUMINATION CONDUIT.

NOTES:

PLATE)

(BOT. OF BASE 

 CONDUIT

ILLUMINATION

PROPOSED

ROW

 TO ¢ RDWY, FROM VERTICAL AT ¢ BEAM.

ERECT POST SET BACK 1" ±¼" TRANSVERSE

SPAN LENGTH = 21'-6"

ELEV. 228.80

TRANSITION.

SEE PAVING PLAN SHEET PV-23 FOR BARRIER 5.

PLAN ON SHEET SN-23.

THE SIGN & SIGN STRUCTURE ARE SHOWN IN 4.

SHOWN ON SHEET SSD-A01.

GENERAL NOTES FOR SIGN STRUCTURES ARE 3.

POLE STRUCTURES - SEG 1B DATED 09/28/2021.

PER THE GEOTECHINCAL REPORT MONOTUBE 

* ASSUMED SOIL TYPE CASES ARE IDENTIFIED 2.

ROADWAY, DRAINAGE, AND ITS PLANS.

SHOWN HERE FOR REFERENCE ONLY PER 

ROADWAY, DRAINAGE, AND ITS INFORMATION 1.

"Z
"

SEE SHEETS SSD-A10 AND SSD-A16

WITH BARRIER SHAPE CAP

FOUNDATION TYPE 1

POSTS (V) BEAM A (V) BEAM B (V) POST BASE (V) BOLTED SPLICE #1

"A"

1'-6" 2'-0"

"B" "T1"

2'-0"

"B"

2'-0"

"C" "T2"

2'-0"

"B"

2'-0"

"C" "T2" "D1" "S5" "S6" "T3" "T6" "S1" "S2" "S3" "S4" "T4" "T5"

1/2" 1/2" 1/2" 4.00 4.00 3" 3/4"5.00 3.00 5.00 3.00 5/8"

CANTILEVER SIGN STRUCTURE TABLE

2" 2-1/2"

ý

LESS THAN OR EQUAL TO 5363 CU. FT.

SHALL BE 330 SQ. FT. AND   (XYZ) SHALL BE 

THE MAXIMUM SIGN AREA ON THIS STRUCTURE 

LOOKING AHEAD ON STATIONING

(BOT. OF BARRIER)

ELEV. 227.67

PROPOSED 18" STORM LINE

4'-0" 10'-0"

FOUNDATION (TYPE 1)

SOIL CASE *

LEFT

OFFSET

#9

SIZE ("X")

VERTICAL REBAR 

BARS ("Y")

NO. OF VERTICAL 

16

("Z")

DEPTH

CASE 5

ø

SHAFT

FINAL DESIGN
NOT FOR CONSTRUCTION
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L= 21.5'

h1
=

 2
3.

67
'

I405 Renton-Bellevue Widening SSO

12-09-2021

Member Size Determination.
(1B - 5639+20.00 - ST-009)

h1 is measured from the bottom of base plate to the center of the horizontal
member.

L is measured as the distance between the center of the Vertical Member and end of
Horizontal Member

Signs Mounted on Sign Bridge:

1. SIGN NO. 23-9

Dimension of sign:

L = 20'  H = 15' 

Area of Sign (A1) = L x H = 20 x 15 = 300sqft

ASJ

12-09-2021



Project: I405 Renton-Bellevue Engineer: SSO Project #
Widening Date: 12/9/2021 1906

Subject: Sizing of Sign Bridge Members. Checker: ASJ Page
Date: 12/9/2021

VMS sign? N Variable Message sign attached?
Total Span Length, "S" = 21.5 ft (Centerline of post to end)

Post Height, H = 23.67 ft (Bottom of base plate to CL of beam)
Sign Length, X = 20 ft
Sign Height, Y = 15 ft XYZ override for 2+ signs: 0 ft^3

Dist to CL of sign, Z = 12 ft
Total Sign Area = 300 sqft Area override for 2+ signs: 0 sqft

Post Data
Hmax, ft A, ft B, ft T1, in D1, in S5 S6 T3, in T, in

23.67 1.50 2.00 0.50 2.00 4.00 4.00 3.00 0.75

Beam A
L1, ft B, ft C, ft T2, in
6.00 2.00 2.00 0.50

Beam B
L2, ft B, ft C, ft T2, in
15.50 2.00 2.00 0.50

Splice 1
S1 S2 S3 S4 T4, in T5, in

5.00 3.00 5.00 3.00 2.50 0.63

Max Allowable Sign Area, per BDM 330 sqft
Max Allowable Wind Sail, Σ(XYZ), per BDM 5363 ft^3

camber, in
3.5

DESIGN IS POSSIBLE
CHECKING SIGN PLACEMENT

DESIGN IS POSSIBLE PER TABLES, SEE BELOW

This sheet will check WSDOT BDM Table 10.1.4-2 for an approved sign bridge layout, given the follwing design info:

HORIZONTAL MEMBER DIMENSION

B

C

T2

TOP OF SIGN
STRUCTURE

ERTICAL MEMBER DIMENSION

A

B

T1

FLOW OF
TRAFFIC

VERTICAL MEMBER DIMENSION



Project: I405 Renton-Bellevue Widening
Subject: Wind Load Calculation for Sign Structures

1B - 5639+20.00 - ST-009

Project Number: 1906 
Calculation By: SSO Date:10/25/21

Check By:JTM Date: 10/25/21

To Determine the Wind Load Acting on the Sign Structure.

As per WSDOT BDM 10.1.1 D, Basic wind speed of 115mph shall be used in computing 
design wind pressure using equation 3.8.1-1 of AASHTO LRFD Specifications for Structural 
Supports for Highway Signs, Luminaires and Traffic Signals.

The references pertaining to AASHTO refer to AASHTO LRFD Specifications for Structural 
Supports for Highway Signs, Luminaires and Traffic Signals hence forth unless mentioned 
otherwise.

= Pz ⋅⋅⋅⋅⋅0.00256 Kz Kd G V2 Cd AASHTO EQN 3.8.1-1

V = Basic Wind Speed (mph)

Kz = Height and Exposure Factor per AASHTO Article 3.8.4

Kd = Directionality Factor per AASHTO Article 3.8.5

G = Gust Effect Factor per AASHTO 3.8.6

Cd = Drag Coefficient per AASHTO 3.8.7

To determine Basic Wind Speed

≔V 115 mph WSDOT BDM 10.1.1.D

To determine Height and Exposure Factor, Kz

z = Greater of 16 ft or Height above ground at which the pressure is calculated.

≔h 27.75 ft

≔z =|
|
|
|
|
|

if

else

>h 16 ft
‖
‖h

‖
‖16 ft

27.75 ft

≔zg 900 ft AASHTO 3.8.4

≔α 9.5 AASHTO 3.8.4
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≔Kz =⋅2
⎛
⎜
⎝
―
z
zg

⎞
⎟
⎠

―
2

α

0.961

To determine Directionality Factor, Kd

≔Kd 0.85 AASHTO Table 3.8.5-1

Support with Horizontal arms or members supporting sign and/or signals.

To determine Gust Effect Factor, G

≔G 1.14 AASHTO 3.8.6
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To Determine Drag Coeffocent, Cd

≔Cdh 1.3 AASHTO T3.8.7-1

Assuming Cd = 1.3 for horizontal members to be conservative.

≔Cdv 2.0 AASHTO T3.8.7-1

Assuming Cd = 2.0 for vertical members to be conservative.
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Calculation By: SSO Date:10/25/21

Check By:JTM Date: 10/25/21

To determine Wind Pressure (Pz)  for Horizontal Members.

=Kz 0.961

=Kd 0.85

=G 1.14

=V 115 mph

=Cdh 1.3

≔Pz ⋅⋅⋅⋅⋅⋅0.00256 Kz Kd G V2 Cdh psf AASHTO EQN 3.8.1-1

=Pz 41.005 psf

To determine Wind Pressure (Pz)  for Vertical Members.

=Kz 0.961

=Kd 0.85 =⋅63.084 2 126.168

=G 1.14

=V 115 mph

=Cdv 2

≔Pz ⋅⋅⋅⋅⋅⋅0.00256 Kz Kd G V2 Cdv psf AASHTO EQN 3.8.1-1

=Pz 63.084 psf
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I405 Renton-Bellevue Widening

RISA Model Input 
(1B - 5639+20.00 - ST-009)

Loads Acting on the Sign Structure:

DL = 3.25psf distributed over 12ft tall sign structure = 3.25*12 = 39plf

LL = 0

WL = Wind Loading calculated from MathCAD * Trib. Area 

WL on horizontal members = Pzh * 12' = 41.042 * 12' = 492.504plf

WL on vertical members is distributed into two separate components:

BLn = Basic load normal to plane of the structure =  Pzv * A = 63.141 * 1.5' = 94.712plf

BLt = Basic load transverse to plane of the structure = Pzv * B = 63.141 * 2' = 126.282plf

IL = 3psf distributed over surface area of Members 

IL on horizontal members = 3*(perimeter of member) = 3*2*(2+2) = 24plf

IL on vertical members = 3*(perimeter of member) = 3*2*(1.5+2) = 21plf

h1 and h2 are measured from the bottom of base plate to the center of the horizontal
member.

L is measured as the center to center distance between the Vertical Members.

SSO

ASJ

12-09-2021

12-09-2021
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I405 Renton-Bellevue Widening

Load Combinations:

IL is assumed to be as a transient load and all loads applicable to LL have been applied to IL.

Strength 1:  1.25DL+1.6L

Extreme 1 (Max): 1.1DL+1.0W 

Extreme 1 (Max) Case 1: 1.1DL + 1.0Wh + 1.0(BLn)

Extreme 1 (Max) Case 2: 1.1DL + 1.0Wh + 1.0(BLt)

Extreme 1 (Max) Case 3: 1.1DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

Extreme 1 (Min): 0.9DL+1.0W

Extreme 1 (Max) Case 1: 0.9DL + 1.0Wh + 1.0(BLn)

Extreme 1 (Max) Case 2: 0.9DL + 1.0Wh + 1.0(BLt)

Extreme 1 (Max) Case 3: 0.9DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

Service 1: 1.0DL+1.0W

Service 1 (Max) Case 1: 1.0DL + 1.0Wh + 1.0(BLn)

Service 1 (Max) Case 2: 1.0DL + 1.0Wh + 1.0(BLt)

Service 1 (Max) Case 3: 1.0DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

RISA Model Input 
(1B - 5639+20.00 - ST-009)

SSO

ASJ

12-09-2021

12-09-2021
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Model Settings

Number of Reported Sections 5
Number of Internal Sections 97
Member Area Load Mesh Size (in2) 144
Consider Shear Deformation Yes
Consider Torsional Warping Yes

Approximate Mesh Size (in) 24
Transfer Forces Between Intersecting Wood Walls Yes
Increase Wood Wall Nailing Capacity for Wind Loads Yes
Include P-Delta for Walls Yes
Optimize Masonry and Wood Walls Yes
Maximum Number of Iterations 3

Single No
Multiple (Optimum) Yes
Maximum No

Global Axis corresponding to vertical direction Y
Convert Existing Data Yes

Default Global Plane for z-axis XZ

Plate Local Axis Orientation Global

Hot Rolled Steel AISC 15th (360-16): ASD
Stiffness Adjustment Yes (Iterative)
Notional Annex None
Connections AISC 14th (360-10): ASD
Cold Formed Steel AISI S100-16: ASD
Stiffness Adjustment Yes (Iterative)
Wood AWC NDS-18: ASD
Temperature < 100F
Concrete ACI 318-14
Masonry TMS 402-16: ASD
Aluminum AA ADM1-15: ASD
Structure Type Building
Stiffness Adjustment Yes (Iterative)
Stainless AISC 14th (360-10): ASD
Stiffness Adjustment Yes (Iterative)

Analysis Methodology Exact Integration Method
Parme Beta Factor 0.65
Compression Stress Block Rectangular Stress Block
Analyze using Cracked Sections Yes
Leave room for horizontal rebar splices (2*d bar spacing) No
List forces which were ignored for design in the Detail Report Yes

Column Min Steel 1
Column Max Steel 8
Rebar Material Spec ASTM A615
Warn if beam-column framing arrangement is not understood No
Number of Shear Regions 4
Region 2 & 3 Spacing Increase Increment (in) 4

Code ASCE 7-16
Risk Category I
Drift Cat Other
Base Elevation (ft) -999999
Include the weight of the structure in base shear calcs Yes

S1(g) 1

RISA 3D USED FOR ANALYSIS ONLY.
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Model Settings (Continued)

SD1(g) 1
SDS(g) 1
TL(sec) 5

T (sec)
T (sec)
Ct 0.02
Ct 0.02
CtExp. 0.75
CtExp. 0.75
R 3
R 3
Ω0 1
Ω0 1
Cd 4
Cd 4
ρ 1
ρ 1
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Nodes

Label X [ft] Y [ft] Z [ft] Temp [deg F] Detach From Dia…
1 N1 0 0 0
2 N2 0 23.67 0
3 N3 21.5 23.67 0

Boundary Conditions

Node Label X [k/in] Y [k/in] Z [k/in] X Rot [k-ft/rad] Y Rot [k-ft/rad] Z Rot [k-ft/rad]
1 N1 Reaction Reaction Reaction Reaction Reaction Reaction

Hot Rolled Steel Properties

Label E [ksi] G [ksi] Nu Therm. C…Density [k… Yield [ksi] Ry Fu [ksi] Rt
1 A992 29000 11154 0.3 0.65 0.49 50 1.1 65 1.1
2 A36 Gr.36 29000 11154 0.3 0.65 0.49 36 1.5 58 1.2
3 A572 Gr.50 29000 11154 0.3 0.65 0.49 50 1.1 65 1.1

Hot Rolled Steel Section Sets

Label Shape Type Design List Material Design R… Area [in²] Iyy [in⁴] Izz [in⁴] J [in⁴]
1 Horizonta… 24X24X0.5 Beam Wide Fla… A572 Gr.50 Typical 47 4327.917 4327.917 6488.938
2 Vertical M… 18X24X0.5 Column Wide Fla… A572 Gr.50 Typical 41 2247.417 3499.417 4125.038

Hot Rolled Member Properties

Label Shape Length [ft] Lb y-y [ft] Lb z-z [ft] Lcomp t… Lcomp… L-Torqu… K y-y K z-z Cb Function
1 M1 Vertical… 23.67 Lateral
2 M3 Horizon… 21.5 Lbyy Lateral

Dead Laod

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M3 Y -0.039 -0.039 0 %100 Active

Wind Load Wh

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M3 Z -0.493 -0.493 0 %100 Active

Ice Load

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M3 Y -0.024 -0.024 0 %100 Active
2 M1 Y -0.021 -0.021 0 %100 Active

BLn

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M1 Z -0.095 -0.095 0 %100 Active

BLt

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M1 X 0.126 0.126 0 %100 Active

Basic Load Cases

BLC Des… Category X Gravity Y Gravity Z Gravity Nodal Point Distributed Area(Me… Surface(…
1 Dead Laod DL -1 1
2 Live Load LL
3 Wind Loa… WL 1
4 Ice Load SL 2
5 BLn None 1
6 BLt None 1

Load Combinations

De…So… P… S… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa…
1 Str… Yes Y 1 1.25 2 1.6 4 1.6
2 Ex… Yes Y 1 1.1 3 1 5 1
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Load Combinations (Continued)

De…So… P… S… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa…
3 Ex… Yes Y 1 1.1 3 1 6 1
4 Ex… Yes Y 1 1.1 3 1 5 0.75 6 0.75
5 Ex… Yes Y 1 0.9 3 1 5 1
6 Ex… Yes Y 1 0.9 3 1 6 1
7 Ex… Yes Y 1 0.9 3 1 5 0.75 6 0.75
8 Se… Yes Y 1 1 3 1 5 1
9 Se… Yes Y 1 1 3 1 6 1

10 Se… Yes Y 1 1 3 1 5 0.75 6 0.75

Node Reactions

LC Node Label X [k] Y [k] Z [k] MX [k-ft] MY [k-ft] MZ [k-ft]
1 1 N1 0 11.095 0 0 0 66.8029
2 1 Totals: 0 11.095 0
3 1 COG (ft): X: 5.9799 Y: 18.4185 Z: 0
4 2 0 8.3372 12.8482 278.986 -113.9446 50.8387
5 2 Totals: 0 8.3372 12.8482
6 2 COG (ft): X: 6.0662 Y: 18.5135 Z: 0
7 3 -2.9824 8.3372 10.5995 252.2635 -113.9446 86.229
8 3 Totals: -2.9824 8.3372 10.5995
9 3 COG (ft): X: 6.0662 Y: 18.5135 Z: 0

10 4 -2.2368 8.3372 12.286 272.3054 -113.9446 77.3814
11 4 Totals: -2.2368 8.3372 12.286
12 4 COG (ft): X: 6.0662 Y: 18.5135 Z: 0
13 5 0 6.8214 12.8482 278.7098 -113.9446 41.5556
14 5 Totals: 0 6.8214 12.8482
15 5 COG (ft): X: 6.0662 Y: 18.5135 Z: 0
16 6 -2.9824 6.8214 10.5995 252.0077 -113.9446 76.9286
17 6 Totals: -2.9824 6.8214 10.5995
18 6 COG (ft): X: 6.0662 Y: 18.5135 Z: 0
19 7 -2.2368 6.8214 12.286 272.0343 -113.9446 68.0853
20 7 Totals: -2.2368 6.8214 12.286
21 7 COG (ft): X: 6.0662 Y: 18.5135 Z: 0
22 8 0 7.5793 12.8482 278.8438 -113.9446 46.1945
23 8 Totals: 0 7.5793 12.8482
24 8 COG (ft): X: 6.0662 Y: 18.5135 Z: 0
25 9 -2.9824 7.5793 10.5995 252.1319 -113.9446 81.576
26 9 Totals: -2.9824 7.5793 10.5995
27 9 COG (ft): X: 6.0662 Y: 18.5135 Z: 0
28 10 -2.2368 7.5793 12.286 272.1659 -113.9446 72.7306
29 10 Totals: -2.2368 7.5793 12.286
30 10 COG (ft): X: 6.0662 Y: 18.5135 Z: 0
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Load Combination Joint Label X (kip) Y (kip) Z (kip) Mx (k-ft) My (k-ft) Mz (k-ft) Resultant Shear (SRSS) (kip) Resultant Moment (SRSS) (k-ft)
1 N1 0.00 11.10 0.00 0.00 0.00 66.80 0.00 66.80
2 0.00 8.34 12.85 278.99 -113.94 50.84 12.85 283.58
3 -2.98 8.34 10.60 252.26 -113.94 86.23 11.01 266.59
4 -2.24 8.34 12.29 272.31 -113.94 77.38 12.49 283.09
5 0.00 6.82 12.85 278.71 -113.94 41.56 12.85 281.79
6 -2.98 6.82 10.60 252.01 -113.94 76.93 11.01 263.49
7 -2.24 6.82 12.29 272.03 -113.94 68.09 12.49 280.43
8 0.00 7.58 12.85 278.84 -113.94 46.19 12.85 282.64
9 -2.98 7.58 10.60 252.13 -113.94 81.58 11.01 265.00

10 -2.24 7.58 12.29 272.17 -113.94 72.73 12.49 281.72

Maximum Downward Force (kip) = 11.10

Maximum Torsion (kip-ft) = 221.40

12.85

Maximum Moment (kip-ft)= 283.58

Shear Moment

Maximum Shear (kip) =

Widening
Reactions from RISA Model
For Sign Structures.



Project: I405 Renton-Bellevue Engineer: SSO Project #
Widening Date: 12/09/2021 1906

Subject: Checker: ASJ Page
Design for Sign Structure Foundation Date: 12/09/2021

Sign Structure = Foundation = Left (based on elevation view)

L = 9.50 ft Ka = 0.31
M = 283580 ft-# Pa (Unfactored) = 0 #
VF = 12850 # Pa (Factored) = 0 #
D = 4.00 ft MF = 337550 ft-#

Pv = 11095 # Pp = 118518 #
G.D. = 0.00 ft F = 105668 #

Ht Above Grade = 4.20 ft Vert Bearing Pressure = 883 PSF OK (Pv/Area of Shaft)
β = 0.00 deg ΦTn = F*tanΦD/2 = 132058 ft-# OK (BDM 10.1.5(1))
γ = 105 PCF Kp = 3.25

Φ = 32.00 deg L' = q/(γKp) = 3.80 ft  
Torsion, (Tn) = 113945 ft-# Embedment Check = 0.00 OK

z = 2.73 ft  
H= 26.27

Mu = 357878 ft-#
Vu = 12850 ft-#

Check against Allowable Lateral Bearing Pressures:

Maximum Applied Soil Pressure Per Classical Broms'= 3246 PSF (Kp*γ*L)

Allowable Lateral Bearing Pressure exceeded, therefore use modified Broms' method

Classical Broms' Equations Modified Broms' Equations

Where;

Embedment 
Check

Ultimate 
Moment in 

Shaft

1B - 5639+20.00 - ST-009

Allowable Vertical Bearing 
Pressure =

Allowable Lateral Bearing 
Pressure =

1300 PSF
From Geotech 
Report, Case 5

Sec. 5.4 of Geotech Report2000 PSF
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1. General Information 
File Name E:\Project folders\Exeltec...\Left 

Foundation.col
Project ---
Column ---
Engineer ---
Code ACI 318-14
Bar Set ASTM A615
Units English
Run Option Investigation
Run Axis X - axis
Slenderness Not Considered
Column Type Structural
Capacity Method Critical capacity

2. Material Properties 
2.1. Concrete 
Type Standard
f'c 4 ksi
Ec 3605 ksi
fc 3.4 ksi
εu 0.003 in/in
β1 0.85

2.2. Steel 
Type Standard
fy 60 ksi
Es 29000 ksi
εyt 0.00206897 in/in

3. Section 
3.1. Shape and Properties 
Type Circular
Diameter 48 in
Ag 1809.56 in2

Ix 260576 in4

Iy 260576 in4

rx 12 in
ry 12 in
Xo 0 in
Yo 0 in
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3.2. Section Figure 

Circular 48 x 48 in 0.88% reinf.

Figure 1: Column section

4. Reinforcement 
4.1. Bar Set: ASTM A615 

Bar Diameter Area Bar Diameter Area Bar Diameter Area
in in2 in in2 in in2

#3 0.38 0.11 #4 0.50 0.20 #5 0.63 0.31
#6 0.75 0.44 #7 0.88 0.60 #8 1.00 0.79
#9 1.13 1.00 #10 1.27 1.27 #11 1.41 1.56

#14 1.69 2.25 #18 2.26 4.00

4.2. Confinement and Factors 
Confinement type Spiral
For #11 bars or less #4 ties
For larger bars #4 ties

Capacity Reduction Factors
Axial compression, (a) 0.85
Tension controlled ɸ, (b) 0.9
Compression controlled ɸ, (c) 0.75

4.3. Arrangement 
Pattern All sides equal
Bar layout Circular
Cover to Longitudal bars
Clear cover 4 in
Bars 16 #9

Total steel area, As 16.00 in2

Rho 0.88 %
Minimum clear spacing 6.46 in
(Note: Rho < 1.0%)

y

x
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5. Factored Loads and Moments with Corresponding Capacity Ratios 
NOTE: Calculations are based on "Critical Capacity" Method.

No. Demand Capacity Parameters at Capacity Capacity
Pu Mux ɸPn ɸMnx NA Depth εt ɸ Ratio
kip k-ft kip k-ft in

1 11.10 357.88 0.00 1349.44 8.74 0.01191 0.900 0.62
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6. Diagrams 
6.1. PM at θ=0 [deg] 
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I405 Renton - Bellevue Widening

Foundation Design For Sign
Structure. (1B - 5639+20.00 -
ST-009)

The embedment required for right foundation is 9.5'. Provided embedment is 10'.

Longitudinal reinforcement = 16-#9 Bars

Transverse reinforcement = #4 Spiral reinforcement.

This reinforcement values have been verified using SpColumn and are satisfactory.

SSO

ASJ

12-09-2021

12-09-2021
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SIGN BRIDGE

SB I405 STA 5656+89.00

ELEVATION

 SSD-A11

SEE SHEET SSD-A10 AND

FOUNDATION TYPE 1 CAP

2

1

ELEV. 178.62

(BOT. OF BARRIER)

ELEV. 177.54

ELEV. 186.29

STRUCTURE SHALL BE 800 SQ. FT.

THE MAXIMUM SIGN AREA ON THIS 

LOOKING AHEAD ON STATIONING

UNDERDRAIN PIPE

PROPOSED 6" 

SEE SHEETS SSD-A10 AND SSD-A13

WITH BARRIER SHAPE CAP

FOUNDATION TYPE 1

"Z
" 

R
IG

H
T

"Z
" 

L
E

F
T

(TO REMAIN)

EXACT LOCATION NOT SHOWN, VERIFY IN FIELD

EXISTING 18" STORM LINE.

13'-8"

TYP.

(TO REMAIN)

RELOCATE AS REQUIRED TO CLEAR FOUNDATION

EXACT LOCATION NOT SHOWN, VERIFY IN FIELD.

EXISTING ITS CONDUIT.

POSTS (V) BEAM A (V) BEAM B (V) BEAM C (V) POST BASE (V) BOLTED SPLICE #1 BOLTED SPLICE #2

"A"

1'-6" 2'-3"

"B" "T1"

2'-3"

"B"

2'-0"

"C" "T2"

2'-3"

"B"

2'-0"

"C" "T2"

2'-3"

"B" "C" "T2"

1-3/4"

"D1" "S5" "S6" "T3" "T6" "S1" "S2" "S3" "S4""T4" "T5" "S1" "S2" "S3" "S4"

2-1/4"

"T4" "T5"

5/8" 5/8" 5/8" 5/8" 4.00 4.00 3" 3/4"6.00 N/A 5.00 N/A 2" 5/8"6.00 N/A 5.00 N/A 3/4"

MONOTUBE SIGN BRIDGE TABLE

2'-0"

NOTES:

4'-6" 11'-0"

FOUNDATION (TYPE 1)

RIGHT 4'-6" 11'-0"

SOIL CASE *

LEFT

OFFSET

#9

SIZE ("X")

VERTICAL REBAR 

BARS ("Y")

NO. OF VERTICAL 

20

#9 20

("Z")

DEPTH

CASE 1

CASE 1

ø

SHAFT

BARRIER TRANSITION.

SEE PAVING PLAN SHEET PV-25 FOR 5.

SHOWN IN PLAN ON SHEET SN-25.

THE SIGN & SIGN STRUCTURE ARE 4.

SSD-A01.

STRUCTURES ARE SHOWN ON SHEET 

GENERAL NOTES FOR SIGN 3.

- SEG 1B DATED 09/28/2021.

REPORT MONOTUBE POLE STRUCTURES 

IDENTIFIED PER THE GEOTECHINCAL 

* ASSUMED SOIL TYPE CASES ARE 2.

DRAINAGE, AND ITS PLANS.

REFERENCE ONLY PER ROADWAY, 

INFORMATION SHOWN HERE FOR 

ROADWAY, DRAINAGE, AND ITS 1.

FINAL DESIGN
NOT FOR CONSTRUCTION
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I405 Renton-Bellevue Widening

Member Size Determination.
(1B - 5656+89.00 - ST-010)

h1 and h2 are measured from the bottom of base plate to the center of the horizontal
member.

L is measured as the center to center distance between the Vertical Members.

Signs Mounted on Sign Bridge:

1. SIGN NO. 25-4

Dimension of sign:

L = 15'  H = 9.5'

Area of Sign (A1) = L x H = 15 x 9.5 = 142.5sqft

2. SIGN NO. 25-5

L = 20  H = 14.5 

Area of Sign (A2) = L x H = 20 x 14.5 = 290sqft

Total Area of Sign = A1 + A2 = 142.5+290 = 432.5sqft

SSO

09-29-2021

PW/SJK

09-29-2021



Project: I405 Renton-Bellevue Engineer: ASJ Project #

Widening Date: 12/10/2020 1906

Subject: Sizing of Sign Bridge Members. Checker: RJN Page

Date: 12/10/2020

Total Span Length, "S" = 80.33 ft (Centerline of posts)

Post Height, H = 23.25 ft (Bottom of base plate to CL of beam)

Total Sign Area = 432.5 sqft

Post Data

Hmax, ft A, ft B, ft T1, in D1, in S5 S6 T3, in T, in

23.25 1.50 2.25 0.63 1.75 4.00 4.00 3.00 0.75

Beam A

L1, ft B, ft C, ft T2, in camber, in

6.00 2.25 2.00 0.63 5

Beam B

L2, ft B, ft C, ft T2, in

14.17 2.25 2.00 0.63

Beam C

L3, ft B, ft C, ft T2, in

40.00 2.25 2.00 0.63

Beam D

L4, ft B, ft C, ft T2, in

N/A N/A N/A N/A

Splice 1

S1 S2 S3 S4 T4, in T5, in

6.00 N/A 5.00 N/A 2.00 0.63

Splice 2

S1 S2 S3 S4 T4, in T5, in

6.00 N/A 5.00 N/A 2.25 0.75

Splice 3

S1 S2 S3 S4 T4, in T5, in

N/A N/A N/A N/A N/A N/A

This sheet will check WSDOT BDM Table 10.1.4-1 for an approved sign bridge layout, given the follwing design 

info:

DESIGN IS POSSIBLE

HORIZONTAL MEMBER DIMENSION

B

C

T2

TOP OF SIGN
STRUCTURE

ERTICAL MEMBER DIMENSION

A

B

T1

FLOW OF
TRAFFIC

VERTICAL MEMBER DIMENSION



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B - 5656+89.00 - ST-010.

Project Number: 1906 

Calculation By: ASJ  Date:12/10/20

Check By:RJN Date: 12/10/20

To Determine the Wind Load Acting on the Sign Structure.

As per WSDOT BDM 10.1.1 D, Basic wind speed of 115mph shall be used in computing 
design wind pressure using equation 3.8.1-1 of AASHTO LRFD Specifications for Structural 
Supports for Highway Signs, Luminaires and Traffic Signals.

The references pertaining to AASHTO refer to AASHTO LRFD Specifications for Structural 
Supports for Highway Signs, Luminaires and Traffic Signals hence forth unless mentioned 
otherwise.

≔Pz ⋅⋅⋅⋅⋅0.00256 Kz Kd G V
2
Cd AASHTO EQN 3.8.1-1

V = Basic Wind Speed (mph)

Kz = Height and Exposure Factor per AASHTO Article 3.8.4

Kd = Directionality Factor per AASHTO Article 3.8.5

G = Gust Effect Factor per AASHTO 3.8.6

Cd = Drag Coefficient per AASHTO 3.8.7

To determine Basic Wind Speed

≔V 115 mph WSDOT BDM 10.1.1.D

To determine Height and Exposure Factor, Kz

z = Greater of 16 ft or Height above ground at which the pressure is calculated.

≔h 28 ft

≔z =if

else

>h 16 ft
‖
‖h

‖
‖16 ft

28 ft

≔zg 900 ft AASHTO 3.8.4

≔α 9.5 AASHTO 3.8.4



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B - 5656+89.00 - ST-010.

Project Number: 1906 

Calculation By: ASJ  Date:12/10/20

Check By:RJN Date: 12/10/20

≔Kz =⋅2
⎛
⎜
⎝
―
z

zg

⎞
⎟
⎠

―
2

α

0.963

To determine Directionality Factor, Kd

≔Kd 0.85 AASHTO Table 3.8.5-1

Support with Horizontal arms or members supporting sign and/or signals.

To determine Gust Effect Factor, G

≔G 1.14 AASHTO 3.8.6



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B - 5656+89.00 - ST-010.

Project Number: 1906 

Calculation By: ASJ  Date:12/10/20

Check By:RJN Date: 12/10/20

To Determine Drag Coeffocent, Cd

≔Cdh 1.3 AASHTO T3.8.7-1

Assuming Cd = 1.3 for horizontal members to be conservative.

≔Cdv 2.0 AASHTO T3.8.7-1

Assuming Cd = 2.0 for vertical members to be conservative.



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B - 5656+89.00 - ST-010.

Project Number: 1906 

Calculation By: ASJ  Date:12/10/20

Check By:RJN Date: 12/10/20

To determine Wind Pressure (Pz)  for Horizontal Members.

=Kz 0.963

=Kd 0.85

=G 1.14

=V 115 mph

=Cdh 1.3

≔Pz ⋅⋅⋅⋅⋅⋅0.00256 Kz Kd G V
2
Cdh psf AASHTO EQN 3.8.1-1

=Pz 41.082 psf

To determine Wind Pressure (Pz)  for Vertical Members.

=Kz 0.963

=Kd 0.85

=G 1.14

=V 115 mph

=Cdv 2

≔Pz ⋅⋅⋅⋅⋅⋅0.00256 Kz Kd G V
2
Cdv psf AASHTO EQN 3.8.1-1

=Pz 63.203 psf
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(0,19.33',0) (80.33',19.33',0)

(80.33',-3.92,0)

I405 Renton-Bellevue Widening

RISA Model Input 
(1B - 5656+89.00 - ST-010)

Loads Acting on the Sign Structure:

DL = 3.25psf distributed over 12ft tall sign structure = 3.25*12 = 39plf

LL = 0

WL = Wind Loading calculated from MathCAD * Trib. Area 

WL on horizontal members = Pzh * 12' = 41.082 * 12' = 492.98plf

WL on vertical members is distributed into two separate components:

BLn = Basic load normal to plane of the structure =  Pzv * A = 63.203 * 1.5 = 94.8plf

BLt = Basic load transverse to plane of the structure = Pzv * B = 63.203 * 2.25 = 142.21plf 

IL = 3psf distributed over surface area of Members 

IL on horizontal members = 3*(perimeter of member) = 3*2*(2.25+2) = 25.5plf

IL on vertical members = 3*(perimeter of member) = 3*2*(1.5+2.25) = 22.5plf

h1 and h2 are measured from the bottom of base plate to the center of the horizontal
member.

L is measured as the center to center distance between the Vertical Members.

SSO

09-29-2021

PW/SJK

09-29-2021
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I405 Renton-Bellevue Widening

RISA Model Input 
(1B - 5656+89.00 - ST-010)

Load Combinations:

IL is assumed to be as a transient load and all loads applicable to LL have been applied to IL.

Strength 1:  1.25DL+1.6L

Extreme 1 (Max): 1.1DL+1.0W 

Extreme 1 (Max) Case 1: 1.1DL + 1.0Wh + 1.0(BLn)

Extreme 1 (Max) Case 2: 1.1DL + 1.0Wh + 1.0(BLt)

Extreme 1 (Max) Case 3: 1.1DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

Extreme 1 (Min): 0.9DL+1.0W

Extreme 1 (Max) Case 1: 0.9DL + 1.0Wh + 1.0(BLn)

Extreme 1 (Max) Case 2: 0.9DL + 1.0Wh + 1.0(BLt)

Extreme 1 (Max) Case 3: 0.9DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

Service 1: 1.0DL+1.0W

Service 1 (Max) Case 1: 1.0DL + 1.0Wh + 1.0(BLn)

Service 1 (Max) Case 2: 1.0DL + 1.0Wh + 1.0(BLt)

Service 1 (Max) Case 3: 1.0DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

SSO

09-29-2021

PW/SJK

09-29-2021













Project: I405 Renton-Bellevue Engineer: SSO Project #

Date: 9/29/2021 1906

Subject: Checker: PW/SJK Page

Date: 9/29/2021

Load Combination Joint Label X (kip) Y (kip) Z (kip) Mx (k-ft) My (k-ft) Mz (k-ft) Resultant Shear (SRSS) (kip) Resultant Moment (SRSS) (k-ft)

1 N1 10.99 19.30 0.00 0.00 0.00 -55.01 22.21 55.01

1 N4 -10.99 20.58 0.00 0.00 0.00 89.42 23.32 89.42

2 N1 8.55 14.94 22.13 428.41 -149.35 -42.84 28.04 455.72

2 N4 -8.55 15.92 21.51 462.07 108.41 69.61 28.09 479.69

3 N1 5.44 14.77 20.29 409.51 -148.74 -16.67 25.68 436.00

3 N4 -11.50 16.09 19.31 437.43 108.96 93.42 27.64 460.37

4 N1 6.22 14.82 21.67 423.68 -149.19 -23.21 26.98 449.78

4 N4 -10.76 16.05 20.96 455.92 108.55 87.47 28.51 476.75

5 N1 7.00 12.23 22.13 427.97 -149.32 -35.05 26.24 454.62

5 N4 -7.00 13.02 21.51 461.42 108.43 56.95 26.10 477.40

6 N1 3.89 12.06 20.29 409.08 -148.71 -8.89 23.92 435.36

6 N4 -9.94 13.19 19.31 436.81 108.98 80.75 25.41 457.38

7 N1 4.66 12.10 21.67 423.24 -149.17 -15.43 25.26 449.02

7 N4 -9.21 13.15 20.96 455.28 108.57 74.80 26.40 473.99

8 N1 7.78 13.59 22.13 428.19 -149.33 -38.94 27.11 455.15

8 N4 -7.78 14.47 21.51 461.74 108.42 63.28 27.06 478.50

9 N1 4.66 13.42 20.29 409.29 -148.72 -12.78 24.77 435.66

9 N4 -10.72 14.64 19.31 437.12 108.97 87.08 26.50 458.84

10 N1 7.78 13.59 23.06 437.63 -149.64 -38.94 27.87 464.14

10 N4 -7.78 14.47 22.61 474.07 108.14 63.28 27.94 490.35

Widening

Reactions from RISA Model

For Sign Structures.

28.51

Maximum Moment (kip-ft)= 490.35

Shear Moment

Maximum Shear (kip) =



Project: I405 Renton-Bellevue Engineer: SSO Project #
Widening Date: 9/29/2021 1906

Subject: Checker: JTM Page
Design for Sign Structure Foundation Date: 9/29/2021

Sign Structure = Foundation = Left (based on elevation view)

L = 10.15 ft Ka = 0.30
M = 490350 ft-# Pa (Unfactored) = 482 #
VF = 28510 # Pa (Factored) = 723 #
D = 4.50 ft MF = 583549 ft-#

Pv = 19300 # Pp = 257957 #
G.D. = 2.25 ft F = 228725 #

Ht Above Grade = 1.00 ft Vert Bearing Pressure = 1214 PSF OK (Pv/Area of Shaft)
β = 26.57 deg ΦTn = F*tanΦD/2 = 416740 ft-# OK (BDM 10.1.5(1))
γ = 140 PCF Kp = 2.65

Φ = 39.00 deg L' = q/(γKp) = Omitted Classical Broms' Method
Torsion, (Tn) = 149640 ft-# Embedment Check = 0.00 OK

z = Omitted Classical Broms' Method
H= 20.47

Mu = 647193 ft-#
Vu = 29233 ft-#

Check against Allowable Lateral Bearing Pressures:

Maximum Applied Soil Pressure Per Classical Broms'= 3764 PSF (Kp*γ*L)

Allowable Lateral Bearing Pressure not exceeded, therefore use classical Broms' method

Classical Broms' Equations Modified Broms' Equations

Where;

Embedment 
Check

Ultimate 
Moment in 

Shaft

1B - 5656+89.00 - ST-010

Allowable Vertical Bearing 
Pressure =

Allowable Lateral Bearing 
Pressure =

4500 PSF
From Geotech 
Report,Case 1

Sec. 5.4 of Geotech Report2000 PSF



Project: I405 Renton-Bellevue Engineer: SSO Project #
Widening Date: 9/29/2021 1906

Subject: Checker: JTM Page
Design for Sign Structure Foundation Date: 9/29/2021

Sign Structure = Foundation = Right (based on elevation view)

L = 10.21 ft Ka = 0.30
M = 490350 ft-# Pa (Unfactored) = 0 #
VF = 28510 # Pa (Factored) = 0 #
D = 4.50 ft MF = 597548 ft-#

Pv = 20580 # Pp = 261046 #
G.D. = 0.00 ft F = 232536 #

Ht Above Grade = 3.76 ft Vert Bearing Pressure = 1294 PSF OK (Pv/Area of Shaft)
β = 26.57 deg ΦTn = F*tanΦD/2 = 423684 ft-# OK (BDM 10.1.5(1))
γ = 140 PCF Kp = 2.65

Φ = 39.00 deg L' = q/(γKp) = Omitted Classical Broms' Method
Torsion, (Tn) = 108970 ft-# Embedment Check = 0.00 OK

z = Omitted Classical Broms' Method
H= 20.96

Mu = 661191 ft-#
Vu = 28510 ft-#

Check against Allowable Lateral Bearing Pressures:

Maximum Applied Soil Pressure Per Classical Broms'= 3786 PSF (Kp*γ*L)

Allowable Lateral Bearing Pressure not exceeded, therefore use classical Broms' method

Classical Broms' Equations Modified Broms' Equations

Where;

Allowable Lateral Bearing 
Pressure =

4500 PSF
From Geotech 
Report, Case 1

Embedment 
Check

Ultimate 
Moment in 

Shaft

Allowable Vertical Bearing 
Pressure =

2000 PSF Sec. 5.4 of Geotech Report

1B - 5656+89.00 - ST-010
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1. General Information 
File Name E:\Project folders\Exeltec...\Left 

Foundation.col
Project ---
Column ---
Engineer ---
Code ACI 318-14
Bar Set ASTM A615
Units English
Run Option Investigation
Run Axis X - axis
Slenderness Not Considered
Column Type Structural
Capacity Method Critical capacity

2. Material Properties 
2.1. Concrete 
Type Standard
f'c 4 ksi
Ec 3605 ksi
fc 3.4 ksi
εu 0.003 in/in
β1 0.85

2.2. Steel 
Type Standard
fy 60 ksi
Es 29000 ksi
εyt 0.00206897 in/in

3. Section 
3.1. Shape and Properties 
Type Circular
Diameter 54 in
Ag 2290.22 in2

Ix 417393 in4

Iy 417393 in4

rx 13.5 in
ry 13.5 in
Xo 0 in
Yo 0 in
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3.2. Section Figure 

Circular 54 x 54 in 0.87% reinf.

Figure 1: Column section

4. Reinforcement 
4.1. Bar Set: ASTM A615 

Bar Diameter Area Bar Diameter Area Bar Diameter Area
in in2 in in2 in in2

#3 0.38 0.11 #4 0.50 0.20 #5 0.63 0.31
#6 0.75 0.44 #7 0.88 0.60 #8 1.00 0.79
#9 1.13 1.00 #10 1.27 1.27 #11 1.41 1.56

#14 1.69 2.25 #18 2.26 4.00

4.2. Confinement and Factors 
Confinement type Spiral
For #11 bars or less #4 ties
For larger bars #4 ties

Capacity Reduction Factors
Axial compression, (a) 0.85
Tension controlled ɸ, (b) 0.9
Compression controlled ɸ, (c) 0.75

4.3. Arrangement 
Pattern All sides equal
Bar layout Circular
Cover to Transverse bars
Clear cover 4 in
Bars 20 #9

Total steel area, As 20.00 in2

Rho 0.87 %
Minimum clear spacing 5.74 in
(Note: Rho < 1.0%)

y

x
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5. Factored Loads and Moments with Corresponding Capacity Ratios 
NOTE: Calculations are based on "Critical Capacity" Method.

No. Demand Capacity Parameters at Capacity Capacity
Pu Mux ɸPn ɸMnx NA Depth εt ɸ Ratio
kip k-ft kip k-ft in

1 19.30 647.19 0.00 1899.98 9.72 0.01210 0.900 0.66
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6. Diagrams 
6.1. PM at θ=0 [deg] 
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1. General Information 
File Name E:\Project folders\Exelte...\Right 

Foundation.col
Project ---
Column ---
Engineer ---
Code ACI 318-14
Bar Set ASTM A615
Units English
Run Option Investigation
Run Axis X - axis
Slenderness Not Considered
Column Type Structural
Capacity Method Critical capacity

2. Material Properties 
2.1. Concrete 
Type Standard
f'c 4 ksi
Ec 3605 ksi
fc 3.4 ksi
εu 0.003 in/in
β1 0.85

2.2. Steel 
Type Standard
fy 60 ksi
Es 29000 ksi
εyt 0.00206897 in/in

3. Section 
3.1. Shape and Properties 
Type Circular
Diameter 54 in
Ag 2290.22 in2

Ix 417393 in4

Iy 417393 in4

rx 13.5 in
ry 13.5 in
Xo 0 in
Yo 0 in
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3.2. Section Figure 

Circular 54 x 54 in 0.87% reinf.

Figure 1: Column section

4. Reinforcement 
4.1. Bar Set: ASTM A615 

Bar Diameter Area Bar Diameter Area Bar Diameter Area
in in2 in in2 in in2

#3 0.38 0.11 #4 0.50 0.20 #5 0.63 0.31
#6 0.75 0.44 #7 0.88 0.60 #8 1.00 0.79
#9 1.13 1.00 #10 1.27 1.27 #11 1.41 1.56

#14 1.69 2.25 #18 2.26 4.00

4.2. Confinement and Factors 
Confinement type Spiral
For #11 bars or less #4 ties
For larger bars #4 ties

Capacity Reduction Factors
Axial compression, (a) 0.85
Tension controlled ɸ, (b) 0.9
Compression controlled ɸ, (c) 0.75

4.3. Arrangement 
Pattern All sides equal
Bar layout Circular
Cover to Transverse bars
Clear cover 4 in
Bars 20 #9

Total steel area, As 20.00 in2

Rho 0.87 %
Minimum clear spacing 5.74 in
(Note: Rho < 1.0%)

y

x
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5. Factored Loads and Moments with Corresponding Capacity Ratios 
NOTE: Calculations are based on "Critical Capacity" Method.

No. Demand Capacity Parameters at Capacity Capacity
Pu Mux ɸPn ɸMnx NA Depth εt ɸ Ratio
kip k-ft kip k-ft in

1 20.58 661.19 0.00 1899.98 9.72 0.01210 0.900 0.66
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6. Diagrams 
6.1. PM at θ=0 [deg] 
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I405 Renton - Bellevue Widening

Foundation Design For Sign
Structure.(1B - 5656+89.00 -
ST-010)

ASJ

12-10-2020
RJN

12-10-2020

The embedment required for Left and Right foundation are 10.15' and 10.21' respectively.
Providing a Embedment of 11ft for both shafts.

Shaft Diameter = 4.5'

Longitudinal reinforcement = 20-#9 Bars

Transverse reinforcement = #4 Spiral reinforcement.

This reinforcement values have been verified using SpColumn and are satisfactory.
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49'-9

LANE

11'-0"

SB I405 LINE

FINAL GRADE

ST-011

SIGN CANTILEVER

SB I405 STA 5674+04.00

ELEVATION

STRUCTURE SHALL BE 235 SQ. FT.

THE MAXIMUM SIGN AREA ON THIS 

LOOKING AHEAD ON STATIONING

 FOUNDATION

REROUTE AS REQUIRED TO CLEAR

PROPOSED ILLUMINATION CONDUIT.

2

(BOT. OF BARRIER)

ELEV. 108.68

ELEV. 107.09

ELEV. 113.50

ELEV. 107.96

1

PROPOSED CAMERA POLE

FOUNDATION

REROUTE AS REQUIRED TO CLEAR 

PROPOSED 6" UNDERDRAIN PIPE

"Z
"

SEE SHEETS SSD-A10 AND SSD-A16

WITH BARRIER SHAPE CAP

FOUNDATION TYPE 1

ITS CONDUIT

PROPOSED 

STRUCTURE

PROPOSED DRAINAGE 

 ¢ RDWY, FROM VERTICAL AT ¢ BEAM.

ERECT POST SET BACK 1" ±¼" TRANSVERSE TO

NOTES:

4'-6" 12'-0"

FOUNDATION (TYPE 1)

SOIL CASE *

LEFT

OFFSET

#9

SIZE ("X")

VERTICAL REBAR 

BARS ("Y")

NO. OF VERTICAL 

16

("Z")

DEPTH

CASE 5

ø

SHAFT

POSTS (V) BEAM A (V) BEAM B (V) BEAM C (V) POST BASE (V) BOLTED SPLICE #1

"A"

1'-6" 2'-0"

"B" "T1"

2'-0"

"B"

2'-0"

"C" "T2"

2'-0"

"B"

2'-0"

"C" "T2"

N/A

"B" "C" "T2"

2"

"D1" "S5" "S6" "T3" "T6" "S1" "S2" "S3" "S4" "T4" "T5"

1/2" 1/2" 1/2" N/A 4.00 4.00 3" 3/4"5.00 3.00 5.00 3.00 2-1/2" 5/8"

CANTILEVER SIGN STRUCTURE TABLE

N/A

TRANSITION.

SEE PAVING PLAN SHEET PV-26A FOR BARRIER 5.

PLAN ON SHEET SN-26.

THE SIGN & SIGN STRUCTURE ARE SHOWN IN 4.

SHOWN ON SHEET SSD-A01.

GENERAL NOTES FOR SIGN STRUCTURES ARE 3.

POLE STRUCTURES - SEG 1B DATED 09/28/2021.

PER THE GEOTECHINCAL REPORT MONOTUBE 

* ASSUMED SOIL TYPE CASES ARE IDENTIFIED 2.

ROADWAY, DRAINAGE, AND ITS PLANS.

SHOWN HERE FOR REFERENCE ONLY PER 

ROADWAY, DRAINAGE, AND ITS INFORMATION 1.

FINAL DESIGN
NOT FOR CONSTRUCTION
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L= 29.33'

h1
=

 2
0'

I405 Renton-Bellevue Widening

Member Size Determination.
(1B - 5674+04.00 - ST-011)

h1 is measured from the bottom of base plate to the center of the horizontal
member.

L is measured as the distance between the center of the Vertical Member and end of
Horizontal Member

Signs Mounted on Sign Bridge:

1. SIGN NO. 26-1

Dimension of sign:

L = 15'  H = 9.5' 

Area of Sign (A1) = L x H = 15 x 9.5 = 142.5 sqft

SSO

09-29-2021

PW/SJK

09-29-2021



Project: I405 Renton-Bellevue Engineer: SSO Project #

Widening Date: 9/29/2021 1906

Subject: Sizing of Sign Bridge Members. Checker: PW/SJK Page

Date: 9/29/2021

VMS sign? N Variable Message sign attached?

Total Span Length, "S" = 29.33 ft (Centerline of post to end)

Post Height, H = 20 ft (Bottom of base plate to CL of beam)

Sign Length, X = 15 ft

Sign Height, Y = 9.5 ft XYZ override for 2+ signs: 0 ft^3

Dist to CL of sign, Z = 22.3 ft

Total Sign Area = 142.5 sqft Area override for 2+ signs: 0 sqft

Post Data

Hmax, ft A, ft B, ft T1, in D1, in S5 S6 T3, in T, in

20.00 1.50 2.00 0.50 2.00 4.00 4.00 3.00 0.75

Beam A

L1, ft B, ft C, ft T2, in

6.00 2.00 2.00 0.50

Beam B

L2, ft B, ft C, ft T2, in

23.33 2.00 2.00 0.50

Splice 1

S1 S2 S3 S4 T4, in T5, in

5.00 3.00 5.00 3.00 2.50 0.63

Max Allowable Sign Area, per BDM 225 sqft

Max Allowable Wind Sail, Σ(XYZ), per BDM 5363 ft^3

This sheet will check WSDOT BDM Table 10.1.4-2 for an approved sign bridge layout, given the follwing design 

info:

camber, in

3.5

DESIGN IS POSSIBLE

CHECKING SIGN PLACEMENT

DESIGN IS POSSIBLE PER TABLES, SEE BELOW

HORIZONTAL MEMBER DIMENSION

B

C

T2

TOP OF SIGN
STRUCTURE

ERTICAL MEMBER DIMENSION

A

B

T1

FLOW OF
TRAFFIC

VERTICAL MEMBER DIMENSION



Project: I405 Renton-Bellevue Widening
Subject: Wind Load Calculation for Sign Structures

1B - 5674+04.00 - ST-011

Project Number: 1906 
Calculation By: SSO Date:10/27/21

Check By:JTM Date: 10/27/21

To Determine the Wind Load Acting on the Sign Structure.

As per WSDOT BDM 10.1.1 D, Basic wind speed of 115mph shall be used in computing 
design wind pressure using equation 3.8.1-1 of AASHTO LRFD Specifications for Structural 
Supports for Highway Signs, Luminaires and Traffic Signals.

The references pertaining to AASHTO refer to AASHTO LRFD Specifications for Structural 
Supports for Highway Signs, Luminaires and Traffic Signals hence forth unless mentioned 
otherwise.

= Pz ⋅⋅⋅⋅⋅0.00256 Kz Kd G V2 Cd AASHTO EQN 3.8.1-1

V = Basic Wind Speed (mph)

Kz = Height and Exposure Factor per AASHTO Article 3.8.4

Kd = Directionality Factor per AASHTO Article 3.8.5

G = Gust Effect Factor per AASHTO 3.8.6

Cd = Drag Coefficient per AASHTO 3.8.7

To determine Basic Wind Speed

≔V 115 mph WSDOT BDM 10.1.1.D

To determine Height and Exposure Factor, Kz

z = Greater of 16 ft or Height above ground at which the pressure is calculated.

≔h 26.54 ft

≔z =|
|
|
|
|
|

if

else

>h 16 ft
‖
‖h

‖
‖16 ft

26.54 ft

≔zg 900 ft AASHTO 3.8.4

≔α 9.5 AASHTO 3.8.4

Created with PTC Mathcad Express. See www.mathcad.com for more information.



Project: I405 Renton-Bellevue Widening
Subject: Wind Load Calculation for Sign Structures

1B - 5674+04.00 - ST-011

Project Number: 1906 
Calculation By: SSO Date:10/27/21

Check By:JTM Date: 10/27/21

≔Kz =⋅2
⎛
⎜
⎝
―
z
zg

⎞
⎟
⎠

―
2

α

0.952

To determine Directionality Factor, Kd

≔Kd 0.85 AASHTO Table 3.8.5-1

Support with Horizontal arms or members supporting sign and/or signals.

To determine Gust Effect Factor, G

≔G 1.14 AASHTO 3.8.6

Created with PTC Mathcad Express. See www.mathcad.com for more information.



Project: I405 Renton-Bellevue Widening
Subject: Wind Load Calculation for Sign Structures

1B - 5674+04.00 - ST-011

Project Number: 1906 
Calculation By: SSO Date:10/27/21

Check By:JTM Date: 10/27/21

To Determine Drag Coeffocent, Cd

≔Cdh 1.3 AASHTO T3.8.7-1

Assuming Cd = 1.3 for horizontal members to be conservative.

≔Cdv 2.0 AASHTO T3.8.7-1

Assuming Cd = 2.0 for vertical members to be conservative.

Created with PTC Mathcad Express. See www.mathcad.com for more information.



Project: I405 Renton-Bellevue Widening
Subject: Wind Load Calculation for Sign Structures

1B - 5674+04.00 - ST-011

Project Number: 1906 
Calculation By: SSO Date:10/27/21

Check By:JTM Date: 10/27/21

To determine Wind Pressure (Pz)  for Horizontal Members.

=Kz 0.952

=Kd 0.85

=G 1.14

=V 115 mph

=Cdh 1.3

≔Pz ⋅⋅⋅⋅⋅⋅0.00256 Kz Kd G V2 Cdh psf AASHTO EQN 3.8.1-1

=Pz 40.621 psf

To determine Wind Pressure (Pz)  for Vertical Members.

=Kz 0.952

=Kd 0.85 =⋅63.084 2 126.168

=G 1.14

=V 115 mph

=Cdv 2

≔Pz ⋅⋅⋅⋅⋅⋅0.00256 Kz Kd G V2 Cdv psf AASHTO EQN 3.8.1-1

=Pz 62.495 psf

Created with PTC Mathcad Express. See www.mathcad.com for more information.
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(0,0,0)

L=29.33'

h1
=

 2
0'

(0, 20',0) (29.33',20',0)

I405 Renton-Bellevue Widening

RISA Model Input 
(1B - 5674+04.00 - ST-011)

Loads Acting on the Sign Structure:

DL = 3.25psf distributed over 12ft tall sign structure = 3.25*12 = 39plf

LL = 0

WL = Wind Loading calculated from MathCAD * Trib. Area 

WL on horizontal members = Pzh * 12' = 40.621 * 12' = 487.45 plf

WL on vertical members is distributed into two separate components:

BLn = Basic load normal to plane of the structure =  Pzv * A = 62.495 * 1.5' = 93.74plf

BLt = Basic load transverse to plane of the structure = Pzv * B = 62.495 * 2' = 125plf

IL = 3psf distributed over surface area of Members 

IL on horizontal members = 3*(perimeter of member) = 3*2*(2+2) = 24plf

IL on vertical members = 3*(perimeter of member) = 3*2*(1.5+2) = 21plf

h1 and h2 are measured from the bottom of base plate to the center of the horizontal
member.

L is measured as the center to center distance between the Vertical Members.

SSO

09-29-2021

PW/SJK

09-29-2021
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I405 Renton-Bellevue Widening

Load Combinations:

IL is assumed to be as a transient load and all loads applicable to LL have been applied to IL.

Strength 1:  1.25DL+1.6L

Extreme 1 (Max): 1.1DL+1.0W 

Extreme 1 (Max) Case 1: 1.1DL + 1.0Wh + 1.0(BLn)

Extreme 1 (Max) Case 2: 1.1DL + 1.0Wh + 1.0(BLt)

Extreme 1 (Max) Case 3: 1.1DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

Extreme 1 (Min): 0.9DL+1.0W

Extreme 1 (Max) Case 1: 0.9DL + 1.0Wh + 1.0(BLn)

Extreme 1 (Max) Case 2: 0.9DL + 1.0Wh + 1.0(BLt)

Extreme 1 (Max) Case 3: 0.9DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

Service 1: 1.0DL+1.0W

Service 1 (Max) Case 1: 1.0DL + 1.0Wh + 1.0(BLn)

Service 1 (Max) Case 2: 1.0DL + 1.0Wh + 1.0(BLt)

Service 1 (Max) Case 3: 1.0DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

RISA Model Input 
(1B - 7694+00.00 - ST-005)

SSO

09-29-2021

PW/SJK

09-29-2021



Company
Designer
Job Number
Model Name

:
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Exeltech
SSO
1906
1B - 5674+04.00 - ST-011

Checked By : JTM

10/27/2021
3:30:06 PM

RISA-3D.NET version 18.0.0.35935 [ 1B - 5674+04.00 - ST-011.r3d ] Page 1

Model Settings

Number of Reported Sections 5
Number of Internal Sections 97
Member Area Load Mesh Size (in2) 144
Consider Shear Deformation Yes
Consider Torsional Warping Yes

Approximate Mesh Size (in) 24
Transfer Forces Between Intersecting Wood Walls Yes
Increase Wood Wall Nailing Capacity for Wind Loads Yes
Include P-Delta for Walls Yes
Optimize Masonry and Wood Walls Yes
Maximum Number of Iterations 3

Single No
Multiple (Optimum) Yes
Maximum No

Global Axis corresponding to vertical direction Y
Convert Existing Data Yes

Default Global Plane for z-axis XZ

Plate Local Axis Orientation Global

Hot Rolled Steel AISC 15th (360-16): ASD
Stiffness Adjustment Yes (Iterative)
Notional Annex None
Connections AISC 14th (360-10): ASD
Cold Formed Steel AISI S100-16: ASD
Stiffness Adjustment Yes (Iterative)
Wood AWC NDS-18: ASD
Temperature < 100F
Concrete ACI 318-14
Masonry TMS 402-16: ASD
Aluminum AA ADM1-15: ASD
Structure Type Building
Stiffness Adjustment Yes (Iterative)
Stainless AISC 14th (360-10): ASD
Stiffness Adjustment Yes (Iterative)

Analysis Methodology Exact Integration Method
Parme Beta Factor 0.65
Compression Stress Block Rectangular Stress Block
Analyze using Cracked Sections Yes
Leave room for horizontal rebar splices (2*d bar spacing) No
List forces which were ignored for design in the Detail Report Yes

Column Min Steel 1
Column Max Steel 8
Rebar Material Spec ASTM A615
Warn if beam-column framing arrangement is not understood No
Number of Shear Regions 4
Region 2 & 3 Spacing Increase Increment (in) 4

Code ASCE 7-16
Risk Category I
Drift Cat Other
Base Elevation (ft) -999999
Include the weight of the structure in base shear calcs Yes

S1(g) 1

RISA 3D USED FOR ANALYSIS ONLY.
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Model Settings (Continued)

SD1(g) 1
SDS(g) 1
TL(sec) 5

T (sec)
T (sec)
Ct 0.02
Ct 0.02
CtExp. 0.75
CtExp. 0.75
R 3
R 3
Ω0 1
Ω0 1
Cd 4
Cd 4
ρ 1
ρ 1
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Nodes

Label X [ft] Y [ft] Z [ft] Temp [deg F] Detach From Dia…
1 N1 0 0 0
2 N2 0 20 0
3 N3 29.33 20 0

Boundary Conditions

Node Label X [k/in] Y [k/in] Z [k/in] X Rot [k-ft/rad] Y Rot [k-ft/rad] Z Rot [k-ft/rad]
1 N1 Reaction Reaction Reaction Reaction Reaction Reaction

Hot Rolled Steel Properties

Label E [ksi] G [ksi] Nu Therm. C…Density [k… Yield [ksi] Ry Fu [ksi] Rt
1 A992 29000 11154 0.3 0.65 0.49 50 1.1 65 1.1
2 A36 Gr.36 29000 11154 0.3 0.65 0.49 36 1.5 58 1.2
3 A572 Gr.50 29000 11154 0.3 0.65 0.49 50 1.1 65 1.1

Hot Rolled Steel Section Sets

Label Shape Type Design List Material Design R… Area [in²] Iyy [in⁴] Izz [in⁴] J [in⁴]
1 Horizonta… 24x24x0.5 Beam Wide Fla… A572 Gr.50 Typical 47 4327.917 4327.917 6488.938
2 Vertical M… 18x24x0.5 Column Wide Fla… A572 Gr.50 Typical 41 2247.417 3499.417 4125.038

Hot Rolled Member Properties

Label Shape Length [ft] Lb y-y [ft] Lb z-z [ft] Lcomp t… Lcomp… L-Torqu… K y-y K z-z Cb Function
1 M1 Vertical… 20 Lateral
2 M3 Horizon… 29.33 Lbyy Lateral

Dead Laod

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M3 Y -0.039 -0.039 0 %100 Active

Wind Load Wh

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M3 Z -0.487 -0.487 0 %100 Active

Ice Load

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M3 Y -0.024 -0.024 0 %100 Active
2 M1 Y -0.021 -0.021 0 %100 Active

BLn

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M1 Z -0.094 -0.094 0 %100 Active

BLt

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M1 X 0.125 0.125 0 %100 Active

Basic Load Cases

BLC Des… Category X Gravity Y Gravity Z Gravity Nodal Point Distributed Area(Me… Surface(…
1 Dead Laod DL -1 1
2 Live Load LL
3 Wind Loa… WL 1
4 Ice Load SL 2
5 BLn None 1
6 BLt None 1

Load Combinations

De…So… P… S… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa…
1 Str… Yes Y 1 1.25 2 1.6 4 1.6
2 Ex… Yes Y 1 1.1 3 1 5 1



Company
Designer
Job Number
Model Name

:
:
:
:

Exeltech
SSO
1906
1B - 5674+04.00 - ST-011

Checked By : JTM

10/27/2021
3:30:06 PM

RISA-3D.NET version 18.0.0.35935 [ 1B - 5674+04.00 - ST-011.r3d ] Page 4

Load Combinations (Continued)

De…So… P… S… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa…
3 Ex… Yes Y 1 1.1 3 1 6 1
4 Ex… Yes Y 1 1.1 3 1 5 0.75 6 0.75
5 Ex… Yes Y 1 0.9 3 1 5 1
6 Ex… Yes Y 1 0.9 3 1 6 1
7 Ex… Yes Y 1 0.9 3 1 5 0.75 6 0.75
8 Se… Yes Y 1 1 3 1 5 1
9 Se… Yes Y 1 1 3 1 6 1

10 Se… Yes Y 1 1 3 1 5 0.75 6 0.75

Node Reactions

LC Node Label X [k] Y [k] Z [k] MX [k-ft] MY [k-ft] MZ [k-ft]
1 1 N1 0 12.5794 0 0 0 124.2087
2 1 Totals: 0 12.5794 0
3 1 COG (ft): X: 9.8155 Y: 16.6931 Z: 0
4 2 0 9.4874 16.1637 305.9022 -209.4706 94.5462
5 2 Totals: 0 9.4874 16.1637
6 2 COG (ft): X: 9.9207 Y: 16.7649 Z: 0
7 3 -2.5 9.4874 14.2837 287.0347 -209.4706 119.604
8 3 Totals: -2.5 9.4874 14.2837
9 3 COG (ft): X: 9.9207 Y: 16.7649 Z: 0

10 4 -1.875 9.4874 15.6937 301.1853 -209.4706 113.3395
11 4 Totals: -1.875 9.4874 15.6937
12 4 COG (ft): X: 9.9207 Y: 16.7649 Z: 0
13 5 0 7.7624 16.1637 305.6425 -209.4706 77.2928
14 5 Totals: 0 7.7624 16.1637
15 5 COG (ft): X: 9.9207 Y: 16.7649 Z: 0
16 6 -2.5 7.7624 14.2837 286.7873 -209.4706 102.34
17 6 Totals: -2.5 7.7624 14.2837
18 6 COG (ft): X: 9.9207 Y: 16.7649 Z: 0
19 7 -1.875 7.7624 15.6937 300.9287 -209.4706 96.0782
20 7 Totals: -1.875 7.7624 15.6937
21 7 COG (ft): X: 9.9207 Y: 16.7649 Z: 0
22 8 0 8.6249 16.1637 305.7723 -209.4706 85.916
23 8 Totals: 0 8.6249 16.1637
24 8 COG (ft): X: 9.9207 Y: 16.7649 Z: 0
25 9 -2.5 8.6249 14.2837 286.911 -209.4706 110.9685
26 9 Totals: -2.5 8.6249 14.2837
27 9 COG (ft): X: 9.9207 Y: 16.7649 Z: 0
28 10 -1.875 8.6249 15.6937 301.057 -209.4706 104.7054
29 10 Totals: -1.875 8.6249 15.6937
30 10 COG (ft): X: 9.9207 Y: 16.7649 Z: 0



Project: I405 Renton-Bellevue Engineer: SSO Project #

Date: 10/27/2021 1906

Subject: Checker: PW/SJK Page

Date: 10/27/2021

Load Combination Joint Label X (kip) Y (kip) Z (kip) Mx (k-ft) My (k-ft) Mz (k-ft) Resultant Shear (SRSS) (kip) Resultant Moment (SRSS) (k-ft)

1 N1 0.00 12.58 0.00 0.00 0.00 124.21 0.00 124.21

2 0.00 9.49 16.16 305.90 -209.47 94.55 16.16 320.18

3 -2.50 9.49 14.28 287.03 -209.47 119.60 14.50 310.96

4 -1.88 9.49 15.69 301.19 -209.47 113.34 15.81 321.80

5 0.00 7.76 16.16 305.64 -209.47 77.29 16.16 315.26

6 -2.50 7.76 14.28 286.79 -209.47 102.34 14.50 304.50

7 -1.88 7.76 15.69 300.93 -209.47 96.08 15.81 315.89

8 0.00 8.62 16.16 305.77 -209.47 85.92 16.16 317.61

9 -2.50 8.62 14.28 286.91 -209.47 110.97 14.50 307.62

10 0.00 8.62 17.10 315.20 -209.47 85.92 17.10 326.70

Maximum Downward Force (kip) = 12.58

Maximum Torsion (kip-ft) = 209.70

17.10

Maximum Moment (kip-ft)= 326.70

Shear Moment

Maximum Shear (kip) =

Widening

Reactions from RISA Model

For Sign Structures.



Project: I405 Renton-Bellevue Engineer: SSO Project #
Widening Date: 10/27/2021 1906

Subject: Checker: JTM Page
Design for Sign Structure Foundation Date: 10/27/2021

Sign Structure = Foundation = Left (based on elevation view)

L = 11.79 ft Ka = 0.46
M = 326700 ft-# Pa (Unfactored) = 2735 #
VF = 17100 # Pa (Factored) = 4102 #
D = 4.50 ft MF = 427586 ft-#

Pv = 12580 # Pp = 144117 #
G.D. = 5.00 ft F = 122915 #

Ht Above Grade = 0.50 ft Vert Bearing Pressure = 791 PSF OK (Pv/Area of Shaft)
β = 26.57 deg ΦTn = F*tanΦD/2 = 172813 ft-# NG (BDM 10.1.5(1))
γ = 105 PCF Kp = 1.73

Φ = 32 deg L' = q/(γKp) = 7.17 ft  
Torsion, (Tn) = 209470 ft-# Embedment Check = 0.00 OK

z = 4.56 ft  
H= 25.01

Mu = 459637 ft-#
Vu = 21202 ft-#

Check against Allowable Lateral Bearing Pressures:

Maximum Applied Soil Pressure Per Classical Broms'= 2140 PSF (Kp*γ*L)

Allowable Lateral Bearing Pressure exceeded, therefore use modified Broms' method

Classical Broms' Equations Modified Broms' Equations

Where;

Embedment 
Check

Ultimate 
Moment in 

Shaft

1B - 5674+04.00 - ST-011

Allowable Vertical Bearing 
Pressure =

Allowable Lateral Bearing 
Pressure =

1300 PSF
From Geotech 
Report, Case 5

Sec. 5.4 of Geotech Report2000 PSF



Licensee stated below acknowledges that STRUCTUREPOINT (SP) is not and cannot be responsible for either the accuracy or adequacy of the material 
supplied as input for processing by the spColumn computer program. Furthermore, STRUCTUREPOINT neither makes any warranty expressed nor implied 
with respect to the correctness of the output prepared by the spColumn program. Although STRUCTUREPOINT has endeavored to produce spColumn error 
free the program is not and cannot be certified infallible. The final and only responsibility for analysis, design and engineering documents is the licensee's. 
Accordingly, STRUCTUREPOINT disclaims all responsibility in contract, negligence or other tort for any analysis, design or engineering documents prepared 
in connection with the use of the spColumn program. Licensed to: Exeltech Consulting, Inc.. License ID: 73177-1074122-4-27B80-XXXXX

  

spColumn v7.00
Computer program for the Strength Design of Reinforced Concrete Sections

Copyright - 1988-2021, STRUCTUREPOINT, LLC.
All rights reserved

 

y
x



STRUCTUREPOINT - spColumn v7.00 Page | 2
Licensed to: Exeltech Consulting, Inc.. License ID: 73177-1074122-4-27B80-XXXXX 12/1/2021
E:\Project folders\Exeltech\Sign Structures\1B\Std. signs\1B - 5674+04.00 - ...\Left Foundation.col 8:54 PM

 Contents
1. General Information .........................................................................................................................................3
2. Material Properties...........................................................................................................................................3

2.1. Concrete...................................................................................................................................................3
2.2. Steel .........................................................................................................................................................3

3. Section.............................................................................................................................................................3
3.1. Shape and Properties...............................................................................................................................3
3.2. Section Figure ..........................................................................................................................................4

4. Reinforcement .................................................................................................................................................4
4.1. Bar Set: ASTM A615 ................................................................................................................................4
4.2. Confinement and Factors .........................................................................................................................4
4.3. Arrangement.............................................................................................................................................4

5. Factored Loads and Moments with Corresponding Capacity Ratios...............................................................5
6. Diagrams .........................................................................................................................................................6

6.1. PM at θ=0 [deg] ........................................................................................................................................6

 List of Figures
Figure 1: Column section.....................................................................................................................................4



STRUCTUREPOINT - spColumn v7.00 Page | 3
Licensed to: Exeltech Consulting, Inc.. License ID: 73177-1074122-4-27B80-XXXXX 12/1/2021
E:\Project folders\Exeltech\Sign Structures\1B\Std. signs\1B - 5674+04.00 - ...\Left Foundation.col 8:54 PM

1. General Information 
File Name E:\Project folders\Exeltec...\Left 

Foundation.col
Project ---
Column ---
Engineer ---
Code ACI 318-14
Bar Set ASTM A615
Units English
Run Option Investigation
Run Axis X - axis
Slenderness Not Considered
Column Type Structural
Capacity Method Critical capacity

2. Material Properties 
2.1. Concrete 
Type Standard
f'c 4 ksi
Ec 3605 ksi
fc 3.4 ksi
εu 0.003 in/in
β1 0.85

2.2. Steel 
Type Standard
fy 60 ksi
Es 29000 ksi
εyt 0.00206897 in/in

3. Section 
3.1. Shape and Properties 
Type Circular
Diameter 54 in
Ag 2290.22 in2

Ix 417393 in4

Iy 417393 in4

rx 13.5 in
ry 13.5 in
Xo 0 in
Yo 0 in
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3.2. Section Figure 

Circular 54 x 54 in 0.70% reinf.

Figure 1: Column section

4. Reinforcement 
4.1. Bar Set: ASTM A615 

Bar Diameter Area Bar Diameter Area Bar Diameter Area
in in2 in in2 in in2

#3 0.38 0.11 #4 0.50 0.20 #5 0.63 0.31
#6 0.75 0.44 #7 0.88 0.60 #8 1.00 0.79
#9 1.13 1.00 #10 1.27 1.27 #11 1.41 1.56

#14 1.69 2.25 #18 2.26 4.00

4.2. Confinement and Factors 
Confinement type Spiral
For #11 bars or less #4 ties
For larger bars #4 ties

Capacity Reduction Factors
Axial compression, (a) 0.85
Tension controlled ɸ, (b) 0.9
Compression controlled ɸ, (c) 0.75

4.3. Arrangement 
Pattern All sides equal
Bar layout Circular
Cover to Longitudal bars
Clear cover 4 in
Bars 16 #9

Total steel area, As 16.00 in2

Rho 0.70 %
Minimum clear spacing 7.63 in
(Note: Rho < 1.0%)

y

x
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5. Factored Loads and Moments with Corresponding Capacity Ratios 
NOTE: Calculations are based on "Critical Capacity" Method.

No. Demand Capacity Parameters at Capacity Capacity
Pu Mux ɸPn ɸMnx NA Depth εt ɸ Ratio
kip k-ft kip k-ft in

1 12.58 459.64 0.00 1570.54 8.62 0.01421 0.900 0.69
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6. Diagrams 
6.1. PM at θ=0 [deg] 
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I405 Renton - Bellevue Widening

Foundation Design For Sign
Structure. (1B - 5674+04.00 -
ST-011)

The embedment required for right foundation is 11.79'. Providing a Embedment of 12'.

Shaft Diameter = 4.5'

Longitudinal reinforcement = 16-#9 Bars

Transverse reinforcement = #4 Spiral reinforcement.

This reinforcement values have been verified using SpColumn and are satisfactory.

SSO

09-29-2021

PW/SJK

09-29-2021
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SEE DETAIL 1

-

SEE DETAIL 3

-

SEE DETAIL 2

-

15'-0"

12" STORM LINE

PROPOSED

ITS CONDUIT

PROPOSED

SB I405 LINE

ELEV. 61.87

ELEV. 57.82

FINAL GRADE

(BOT. OF BASE PLATE)

ELEV. 62.03

L SPANC

ELEVATION

STRUCTURE SHALL BE 800 SQ. FT.

THE MAXIMUM SIGN AREA ON THIS 

LOOKING AHEAD ON STATIONING

ST-012

SIGN BRIDGE

SB I405 STA 5689+48.00

ELEV. 58.12

27-52

SIGN

SSD-A11

SEE SHEET SSD-A10 AND 

FOUNDATION TYPE 1 CAP

ELEV. 57.28

(BOT. OF BARRIER)

"Z
" 

L
E

F
T
" "Z
" 

R
IG

H
T

(TO REMAIN)

EXACT LOCATION NOT SHOWN, VERIFY IN FIELD

EXISTING ITS CONDUIT.

(TO REMAIN)

EXACT LOCATION NOT SHOWN, VERIFY IN FIELD

EXISTING 12" STORM LINE.

SEE SHEETS SSD-A10 AND SSD-A16

WITH BARRIER SHAPE CAP

FOUNDATION TYPE 1

27-4

SIGN

TYP.

4'-6" 12'-0"

FOUNDATION (TYPE 1)

RIGHT 4'-6" 13'-0"

SOIL CASE *

LEFT

OFFSET
SIZE ("X")

VERTICAL REBAR 

BARS ("Y")

NO. OF VERTICAL 

("Z")

DEPTH

ø

SHAFT

POSTS (V) BEAM A (V) BEAM B (V) BEAM C (V) POST BASE (V) BOLTED SPLICE #1 BOLTED SPLICE #2

"A"

1'-6" 2'-3"

"B" "T1"

2'-3"

"B"

2'-0"

"C" "T2"

2'-3"

"B"

2'-0"

"C" "T2"

2'-3"

"B" "C" "T2"

1-3/4"

"D1" "S5" "S6" "T3" "T6" "S1" "S2" "S3" "S4""T4" "T5" "S1" "S2" "S3" "S4"

2-1/4"

"T4" "T5"

5/8" 5/8" 5/8" 5/8" 4.00 4.00 3.00 3/4"6.00 N/A 5.00 N/A 2" 5/8"6.00 N/A 5.00 N/A 3/4"

MONOTUBE SIGN BRIDGE TABLE

2'-0"

NOTES:

CASE 4

CASE 5

#9

#9

20

20

TRANSITION.

SEE PAVING PLAN SHEET PV-27A FOR BARRIER 5.

ON SHEET SN-27.

THE SIGN & SIGN STRUCTURE ARE SHOWN IN PLAN 4.

SHOWN ON SHEET SSD-A01.

GENERAL NOTES FOR SIGN STRUCTURES ARE 3.

STRUCTURES - SEG 1B DATED 09/28/2021.

PER THE GEOTECHINCAL REPORT MONOTUBE POLE 

* ASSUMED SOIL TYPE CASES ARE IDENTIFIED 2.

ROADWAY, DRAINAGE, AND ITS PLANS.

SHOWN HERE FOR REFERENCE ONLY PER 

ROADWAY, DRAINAGE, AND ITS INFORMATION 1.

NORTH OF FOOTING

APPROXIMATLY 8FT 

PROPOSED ITS CONDUIT

CONDUIT

PROPOSED ITS 

ELEV. 58.26

10'-5"

FINAL DESIGN
NOT FOR CONSTRUCTION
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L= 78.33'

h1
=

 2
0.

83
'

h2
=

 2
1'

I405 Renton-Bellevue Widening SSO

12-09-2021

Member Size Determination.
(1B - 5689+48.00 - ST-012)

h1 and h2 are measured from the bottom of base plate to the center of the horizontal
member.

L is measured as the center to center distance between the Vertical Members.

Signs Mounted on Sign Bridge:

1. SIGN NO. 27-6

Dimension of sign:

L = 15'  H = 9.5' 

Area of Sign (A1) = L x H = 15 x 9.5 = 142.5sqft 

2. SIGN NO. 27.5

L = 16'   H = 10'

Area of Sign (A2) = L x H = 16 x 10 = 160sqft

3. SIGN NO. 27.52

L = 4'   H = 5'

Area of Sign (A3) = L x H = 4 x 5 = 20sqft

4. SIGN NO. 27.4

L = 4'   H = 4'

Area of Sign (A4) = L x H = 4 x 4 = 16sqft

Total Area of Sign = A1 + A2 + A3 + A4 = 142.5 + 160 + 20 + 16 = 338.5sqft

ASJ

12-09-2021



Project: I405 Renton-Bellevue Engineer: SSO Project #
Widening Date: 12/9/2021 1906

Subject: Sizing of Sign Bridge Members. Checker: ASJ Page
Date: 12/9/2021

Total Span Length, "S" = 78.33 ft (Centerline of posts)
Post Height, H = 21 ft (Bottom of base plate to CL of beam)
Total Sign Area = 346.85 sqft

Post Data
Hmax, ft A, ft B, ft T1, in D1, in S5 S6 T3, in T, in

21.00 1.50 2.25 0.63 1.75 4.00 4.00 3.00 0.75

Beam A
L1, ft B, ft C, ft T2, in camber, in
6.00 2.25 2.00 0.63 5

Beam B
L2, ft B, ft C, ft T2, in
15.67 2.25 2.00 0.63

Beam C
L3, ft B, ft C, ft T2, in
35.00 2.25 2.00 0.63

Beam D
L4, ft B, ft C, ft T2, in
N/A N/A N/A N/A

Splice 1
S1 S2 S3 S4 T4, in T5, in

6.00 N/A 5.00 N/A 2.00 0.63

Splice 2
S1 S2 S3 S4 T4, in T5, in

6.00 N/A 5.00 N/A 2.25 0.75

Splice 3
S1 S2 S3 S4 T4, in T5, in

N/A N/A N/A N/A N/A N/A

This sheet will check WSDOT BDM Table 10.1.4-1 for an approved sign bridge layout, given the follwing design info:

DESIGN IS POSSIBLE

HORIZONTAL MEMBER DIMENSION

B

C

T2

TOP OF SIGN
STRUCTURE

ERTICAL MEMBER DIMENSION

A

B

T1

FLOW OF
TRAFFIC

VERTICAL MEMBER DIMENSION



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B - 5689+48.00 - ST-012

Project Number: 1906 

Calculation By: ASJ Date:12/11/20

Check By:RJN Date: 12/11/20

To Determine the Wind Load Acting on the Sign Structure.

As per WSDOT BDM 10.1.1 D, Basic wind speed of 115mph shall be used in computing 
design wind pressure using equation 3.8.1-1 of AASHTO LRFD Specifications for Structural 
Supports for Highway Signs, Luminaires and Traffic Signals.

The references pertaining to AASHTO refer to AASHTO LRFD Specifications for Structural 
Supports for Highway Signs, Luminaires and Traffic Signals hence forth unless mentioned 
otherwise.

≔Pz ⋅⋅⋅⋅⋅0.00256 Kz Kd G V
2
Cd AASHTO EQN 3.8.1-1

V = Basic Wind Speed (mph)

Kz = Height and Exposure Factor per AASHTO Article 3.8.4

Kd = Directionality Factor per AASHTO Article 3.8.5

G = Gust Effect Factor per AASHTO 3.8.6

Cd = Drag Coefficient per AASHTO 3.8.7

To determine Basic Wind Speed

≔V 115 mph WSDOT BDM 10.1.1.D

To determine Height and Exposure Factor, Kz

z = Greater of 16 ft or Height above ground at which the pressure is calculated.

≔h 26.79 ft

≔z =if

else

>h 16 ft
‖
‖h

‖
‖16 ft

26.79 ft

≔zg 900 ft AASHTO 3.8.4

≔α 9.5 AASHTO 3.8.4



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B - 5689+48.00 - ST-012

Project Number: 1906 

Calculation By: ASJ Date:12/11/20

Check By:RJN Date: 12/11/20

≔Kz =⋅2
⎛
⎜
⎝
―
z

zg

⎞
⎟
⎠

―
2

α

0.954

To determine Directionality Factor, Kd

≔Kd 0.85 AASHTO Table 3.8.5-1

Support with Horizontal arms or members supporting sign and/or signals.

To determine Gust Effect Factor, G

≔G 1.14 AASHTO 3.8.6



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B - 5689+48.00 - ST-012

Project Number: 1906 

Calculation By: ASJ Date:12/11/20

Check By:RJN Date: 12/11/20

To Determine Drag Coeffocent, Cd

≔Cdh 1.3 AASHTO T3.8.7-1

Assuming Cd = 1.3 for horizontal members to be conservative.

≔Cdv 2.0 AASHTO T3.8.7-1

Assuming Cd = 2.0 for vertical members to be conservative.



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B - 5689+48.00 - ST-012

Project Number: 1906 

Calculation By: ASJ Date:12/11/20

Check By:RJN Date: 12/11/20

To determine Wind Pressure (Pz)  for Horizontal Members.

=Kz 0.954

=Kd 0.85

=G 1.14

=V 115 mph

=Cdh 1.3

≔Pz ⋅⋅⋅⋅⋅⋅0.00256 Kz Kd G V
2
Cdh psf AASHTO EQN 3.8.1-1

=Pz 40.702 psf

To determine Wind Pressure (Pz)  for Vertical Members.

=Kz 0.954

=Kd 0.85

=G 1.14

=V 115 mph

=Cdv 2

≔Pz ⋅⋅⋅⋅⋅⋅0.00256 Kz Kd G V
2
Cdv psf AASHTO EQN 3.8.1-1

=Pz 62.618 psf



  

 

e x e I t e c h 

 

(0,0.17',0)

L= 78.33'

h1
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0.
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'

h2
=

 2
1

(0,21,0) (76.17,21,0)

(76.17,0,0)

I405 Renton-Bellevue Widening

RISA Model Input 
(1B - 5689+48.00 - ST-012)

Loads Acting on the Sign Structure:

DL = 3.25psf distributed over 12ft tall sign structure = 3.25*12 = 39plf

LL = 0

WL = Wind Loading calculated from MathCAD * Trib. Area 

WL on horizontal members = Pzh * 12' = 40.702 * 12' = 488.4plf

WL on vertical members is distributed into two separate components:

BLn = Basic load normal to plane of the structure =  Pzv * A = 62.618 * 1.5' = 93.93plf

BLt = Basic load transverse to plane of the structure = Pzv * B = 62.618 * 2.25' = 140.89plf

IL = 3psf distributed over surface area of Members 

IL on horizontal members = 3*(perimeter of member) = 3*2*(2.25+2) = 25.5plf 

IL on vertical members = 3*(perimeter of member) = 3*2*(1.5+2.25) = 22.5plf

h1 and h2 are measured from the bottom of base plate to the center of the horizontal
member.

L is measured as the center to center distance between the Vertical Members.

SSO

12-09-2021

PW/SJK

12-09-2021
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I405 Renton-Bellevue Widening

Load Combinations:

IL is assumed to be as a transient load and all loads applicable to LL have been applied to IL.

Strength 1:  1.25DL+1.6L

Extreme 1 (Max): 1.1DL+1.0W 

Extreme 1 (Max) Case 1: 1.1DL + 1.0Wh + 1.0(BLn)

Extreme 1 (Max) Case 2: 1.1DL + 1.0Wh + 1.0(BLt)

Extreme 1 (Max) Case 3: 1.1DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

Extreme 1 (Min): 0.9DL+1.0W

Extreme 1 (Max) Case 1: 0.9DL + 1.0Wh + 1.0(BLn)

Extreme 1 (Max) Case 2: 0.9DL + 1.0Wh + 1.0(BLt)

Extreme 1 (Max) Case 3: 0.9DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

Service 1: 1.0DL+1.0W

Service 1 (Max) Case 1: 1.0DL + 1.0Wh + 1.0(BLn)

Service 1 (Max) Case 2: 1.0DL + 1.0Wh + 1.0(BLt)

Service 1 (Max) Case 3: 1.0DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

RISA Model Input 
(1B - 5689+48.00 - ST-012)

SSO

12-09-2021

PW/SJK

12-09-2021
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Model Settings

Number of Reported Sections 5
Number of Internal Sections 97
Member Area Load Mesh Size (in2) 144
Consider Shear Deformation Yes
Consider Torsional Warping Yes

Approximate Mesh Size (in) 24
Transfer Forces Between Intersecting Wood Walls Yes
Increase Wood Wall Nailing Capacity for Wind Loads Yes
Include P-Delta for Walls Yes
Optimize Masonry and Wood Walls Yes
Maximum Number of Iterations 3

Single No
Multiple (Optimum) Yes
Maximum No

Global Axis corresponding to vertical direction Y
Convert Existing Data Yes

Default Global Plane for z-axis XZ

Plate Local Axis Orientation Global

Hot Rolled Steel AISC 15th (360-16): ASD
Stiffness Adjustment Yes (Iterative)
Notional Annex None
Connections AISC 14th (360-10): ASD
Cold Formed Steel AISI S100-16: ASD
Stiffness Adjustment Yes (Iterative)
Wood AWC NDS-18: ASD
Temperature < 100F
Concrete ACI 318-14
Masonry TMS 402-16: ASD
Aluminum AA ADM1-15: ASD
Structure Type Building
Stiffness Adjustment Yes (Iterative)
Stainless AISC 14th (360-10): ASD
Stiffness Adjustment Yes (Iterative)

Analysis Methodology Exact Integration Method
Parme Beta Factor 0.65
Compression Stress Block Rectangular Stress Block
Analyze using Cracked Sections Yes
Leave room for horizontal rebar splices (2*d bar spacing) No
List forces which were ignored for design in the Detail Report Yes

Column Min Steel 1
Column Max Steel 8
Rebar Material Spec ASTM A615
Warn if beam-column framing arrangement is not understood No
Number of Shear Regions 4
Region 2 & 3 Spacing Increase Increment (in) 4

Code ASCE 7-16
Risk Category I
Drift Cat Other
Base Elevation (ft) -999999
Include the weight of the structure in base shear calcs Yes

S1(g) 1

RISA 3D USED FOR ANALYSIS ONLY.



Company
Designer
Job Number
Model Name

:
:
:
:

Exeltech
ASJ
1906
1B - 5689+48.00 - ST-012

Checked By : RJN

12/9/2021
11:56:04 AM

RISA-3D.NET version 18.0.0.35935 [ 1B - 5689+48.00 - ST-012.r3d ] Page 2

Model Settings (Continued)

SD1(g) 1
SDS(g) 1
TL(sec) 5

T (sec)
T (sec)
Ct 0.02
Ct 0.02
CtExp. 0.75
CtExp. 0.75
R 3
R 3
Ω0 1
Ω0 1
Cd 4
Cd 4
ρ 1
ρ 1
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Nodes

Label X [ft] Y [ft] Z [ft] Temp [deg F] Detach From Dia…
1 N1 0 0.17 0
2 N2 0 21 0
3 N3 78.33 21 0
4 N4 78.33 0 0

Boundary Conditions

Node Label X [k/in] Y [k/in] Z [k/in] X Rot [k-ft/rad] Y Rot [k-ft/rad] Z Rot [k-ft/rad]
1 N1 Reaction Reaction Reaction Reaction Reaction Reaction
2 N4 Reaction Reaction Reaction Reaction Reaction Reaction

Hot Rolled Steel Properties

Label E [ksi] G [ksi] Nu Therm. C…Density [k… Yield [ksi] Ry Fu [ksi] Rt
1 A992 29000 11154 0.3 0.65 0.49 50 1.1 65 1.1
2 A36 Gr.36 29000 11154 0.3 0.65 0.49 36 1.5 58 1.2
3 A572 Gr.50 29000 11154 0.3 0.65 0.49 50 1.1 65 1.1

Hot Rolled Steel Section Sets

Label Shape Type Design List Material Design R… Area [in²] Iyy [in⁴] Izz [in⁴] J [in⁴]
1 Horizonta… 24X27X5/8 Beam None A992 Typical 62.188 5837.785 6996.808 9550.038
2 Vertical M…18X27X0.… Column None A992 Typical 54.688 3037.824 5692.238 6000.211

Hot Rolled Member Properties

Label Shape Length [ft] Lb y-y [ft] Lb z-z [ft] Lcomp t… Lcomp… L-Torqu… K y-y K z-z Cb Function
1 M1 Vertical… 20.83 Lateral
2 M2 Vertical… 21 Lateral
3 M3 Horizon… 78.33 Lbyy Lateral

Dead Laod

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M3 Y -0.039 -0.039 0 %100 Active

Wind Load Wh

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M3 Z -0.488 -0.488 0 %100 Active

Ice Load

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M3 Y -0.026 -0.026 0 %100 Active
2 M1 Y -0.023 -0.023 0 %100 Active
3 M2 Y -0.023 -0.023 0 %100 Active

BLn

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M1 Z -0.094 -0.094 0 %100 Active
2 M2 Z -0.094 -0.094 0 %100 Active

BLt

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M1 X 0.141 -0.141 0 %100 Active
2 M2 X 0.141 0.141 0 %100 Active

Basic Load Cases

BLC Des… Category X Gravity Y Gravity Z Gravity Nodal Point Distributed Area(Me… Surface(…
1 Dead Laod DL -1 1
2 Live Load LL
3 Wind Loa… WL 1
4 Ice Load SL 3
5 BLn None 2
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Basic Load Cases (Continued)

BLC Des… Category X Gravity Y Gravity Z Gravity Nodal Point Distributed Area(Me… Surface(…
6 BLt None 2

Load Combinations

De…So… P… S… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa…
1 Str… Yes Y 1 1.25 2 1.6 4 1.6
2 Ex… Yes Y 1 1.1 3 1 5 1
3 Ex… Yes Y 1 1.1 3 1 6 1
4 Ex… Yes Y 1 1.1 3 1 5 0.75 6 0.75
5 Ex… Yes Y 1 0.9 3 1 5 1
6 Ex… Yes Y 1 0.9 3 1 6 1
7 Ex… Yes Y 1 0.9 3 1 5 0.75 6 0.75
8 Se… Yes Y 1 1 3 1 5 1
9 Se… Yes Y 1 1 3 1 6 1

10 Se… Yes Y 1 1 3 1 5 0.75 5 0.75

Node Reactions

LC Node Label X [k] Y [k] Z [k] MX [k-ft] MY [k-ft] MZ [k-ft]
1 1 N1 10.7529 19.4573 0 0 0 -70.3109
2 1 N4 -10.7529 19.5127 0 0 0 71.7622
3 1 Totals: 0 38.9699 0
4 1 COG (ft): X: 39.2109 Y: 17.9848 Z: 0
5 2 N1 8.3721 15.0568 21.0905 422.2028 -120.7753 -54.744
6 2 N4 -8.3721 15.0992 21.0636 423.5989 119.0667 55.8734
7 2 Totals: 0 30.156 42.1541
8 2 COG (ft): X: 39.2102 Y: 18.0306 Z: 0
9 3 N1 7.5309 15.0129 19.1334 401.6755 -120.7513 -49.5409

10 3 N4 -10.4896 15.1431 19.0916 402.8418 119.0906 67.9922
11 3 Totals: -2.9587 30.156 38.225
12 3 COG (ft): X: 39.2102 Y: 18.0306 Z: 0
13 4 N1 7.7412 15.0239 20.6013 417.068 -120.7696 -50.8417
14 4 N4 -9.9602 15.1321 20.5706 418.4127 119.0724 64.9625
15 4 Totals: -2.219 30.156 41.1719
16 4 COG (ft): X: 39.2102 Y: 18.0306 Z: 0
17 5 N1 6.8499 12.3192 21.0906 421.728 -120.7744 -44.7907
18 5 N4 -6.8499 12.3539 21.0636 423.1162 119.0677 45.7144
19 5 Totals: 0 24.6731 42.1541
20 5 COG (ft): X: 39.2102 Y: 18.0306 Z: 0
21 6 N1 6.0087 12.2753 19.1334 401.2184 -120.7505 -39.5891
22 6 N4 -8.9674 12.3978 19.0916 402.3771 119.0914 57.8317
23 6 Totals: -2.9587 24.6731 38.225
24 6 COG (ft): X: 39.2102 Y: 18.0306 Z: 0
25 7 N1 6.219 12.2863 20.6013 416.5976 -120.7687 -40.8895
26 7 N4 -8.438 12.3868 20.5706 417.9345 119.0733 54.8024
27 7 Totals: -2.219 24.6731 41.1719
28 7 COG (ft): X: 39.2102 Y: 18.0306 Z: 0
29 8 N1 7.611 13.688 21.0905 421.9653 -120.7748 -49.7674
30 8 N4 -7.611 13.7265 21.0636 423.3574 119.0672 50.7939
31 8 Totals: 0 27.4146 42.1541
32 8 COG (ft): X: 39.2102 Y: 18.0306 Z: 0
33 9 N1 6.7698 13.6441 19.1334 401.4468 -120.7509 -44.565
34 9 N4 -9.7285 13.7704 19.0916 402.6093 119.091 62.9119
35 9 Totals: -2.9587 27.4146 38.225
36 9 COG (ft): X: 39.2102 Y: 18.0306 Z: 0
37 10 N1 7.611 13.688 22.0691 432.2216 -120.7871 -49.7674
38 10 N4 -7.611 13.7265 22.0496 433.7344 119.055 50.7939
39 10 Totals: 0 27.4146 44.1187
40 10 COG (ft): X: 39.2102 Y: 18.0306 Z: 0



Project: I405 Renton-Bellevue Engineer: SSO Project #
Date: 10/27/2021 1906

Subject: Checker: JTM Page
Date: 10/27/2021

Load Combination Joint Label X (kip) Y (kip) Z (kip) Mx (k-ft) My (k-ft) Mz (k-ft) Resultant Shear (SRSS) (kip) Resultant Moment (SRSS) (k-ft)
1 N1 10.75 19.46 0.00 0.00 0.00 -70.31 10.75 70.31
1 N4 -10.75 19.51 0.00 0.00 0.00 71.76 10.75 71.76
2 N1 8.37 15.06 21.09 422.20 -120.78 -54.74 22.69 425.74
2 N4 -8.37 15.10 21.06 423.60 119.07 55.87 22.67 427.27
3 N1 7.53 15.01 19.13 401.68 -120.75 -49.54 20.56 404.72
3 N4 -10.49 15.14 19.09 402.84 119.09 67.99 21.78 408.54
4 N1 7.74 15.02 20.60 417.07 -120.77 -50.84 22.01 420.16
4 N4 -9.96 15.13 20.57 418.41 119.07 64.96 22.86 423.43
5 N1 6.85 12.32 21.09 421.73 -120.77 -44.79 22.18 424.10
5 N4 -6.85 12.35 21.06 423.12 119.07 45.71 22.15 425.58
6 N1 6.01 12.28 19.13 401.22 -120.75 -39.59 20.05 403.17
6 N4 -8.97 12.40 19.09 402.38 119.09 57.83 21.09 406.51
7 N1 6.22 12.29 20.60 416.60 -120.77 -40.89 21.52 418.60
7 N4 -8.44 12.39 20.57 417.93 119.07 54.80 22.23 421.51
8 N1 7.61 13.69 21.09 421.97 -120.77 -49.77 22.42 424.89
8 N4 -7.61 13.73 21.06 423.36 119.07 50.79 22.40 426.39
9 N1 6.77 13.64 19.13 401.45 -120.75 -44.57 20.30 403.91
9 N4 -9.73 13.77 19.09 402.61 119.09 62.91 21.43 407.49

10 N1 7.61 13.69 22.07 432.22 -120.79 -49.77 23.34 435.08
10 N4 -7.61 13.73 22.05 433.73 119.06 50.79 23.33 436.70

Maximum Downward Force (kip) = 19.51

Maximum Torsion (kip-ft) = 120.79

23.34

Maximum Moment (kip-ft)= 436.70

Shear Moment

Maximum Shear (kip) =

Widening
Reactions from RISA Model
For Sign Structures.



Project: I405 Renton-Bellevue Engineer: SSO Project #
Widening Date: 12/09/2021 1906

Subject: Checker: PW/SJK Page
Design for Sign Structure Foundation Date: 12/09/2021

Sign Structure = Foundation = Left (based on elevation view)

L = 11.33 ft Ka = 0.31
M = 436700 ft-# Pa (Unfactored) = 0 #
VF = 23340 # Pa (Factored) = 0 #
D = 4.50 ft MF = 525859 ft-#

Pv = 19457 # Pp = 165429 #
G.D. = 0.00 ft F = 142089 #

Ht Above Grade = 3.82 ft Vert Bearing Pressure = 1223 PSF OK (Pv/Area of Shaft)
β = 0.00 deg ΦTn = F*tanΦD/2 = 199770 ft-# OK (BDM 10.1.5(1))
γ = 105 PCF Kp = 3.25

Φ = 32.00 deg L' = q/(γKp) = 3.80 ft  
Torsion, (Tn) = 119091 ft-# Embedment Check = 0.00 OK

z = 3.23 ft  
H= 22.53

Mu = 575191 ft-#
Vu = 23340 ft-#

Check against Allowable Lateral Bearing Pressures:

Maximum Applied Soil Pressure Per Classical Broms'= 3871 PSF (Kp*γ*L)

Allowable Lateral Bearing Pressure exceeded, therefore use modified Broms' method

Classical Broms' Equations Modified Broms' Equations

Where;

Embedment 
Check

Ultimate 
Moment in 

Shaft

1B - 5689+48.00 - ST-012

Allowable Vertical Bearing 
Pressure =

Allowable Lateral Bearing 
Pressure =

1300 PSF
From Geotech 
Report, Case 4

Sec. 5.4 of Geotech Report2000 PSF



Project: I405 Renton-Bellevue Engineer: SSO Project #
Widening Date: 12/09/2021 1906

Subject: Checker: PW/SJK Page
Design for Sign Structure Foundation Date: 12/09/2021

Sign Structure = Foundation = Right (based on elevation view)

L = 12.20 ft Ka = 0.33
M = 436700 ft-# Pa (Unfactored) = 78 #
VF = 23340 # Pa (Factored) = 117 #
D = 4.50 ft MF = 617624 ft-#

Pv = 19513 # Pp = 176652 #
G.D. = 1.00 ft F = 153195 #

Ht Above Grade = 6.75 ft Vert Bearing Pressure = 1227 PSF OK (Pv/Area of Shaft)
β = 12.40 deg ΦTn = F*tanΦD/2 = 215386 ft-# OK (BDM 10.1.5(1))
γ = 105 PCF Kp = 2.90

Φ = 32.00 deg L' = q/(γKp) = 4.27 ft  
Torsion, (Tn) = 120787 ft-# Embedment Check = 0.00 OK

z = 3.47 ft  
H= 26.46

Mu = 669644 ft-#
Vu = 23457 ft-#

Check against Allowable Lateral Bearing Pressures:

Maximum Applied Soil Pressure Per Classical Broms'= 3714 PSF (Kp*γ*L)

Allowable Lateral Bearing Pressure exceeded, therefore use modified Broms' method

Classical Broms' Equations Modified Broms' Equations

Where;

Allowable Lateral Bearing 
Pressure =

1300 PSF
From Geotech 
Report, Case 5

Embedment 
Check

Ultimate 
Moment in 

Shaft

Allowable Vertical Bearing 
Pressure =

2000 PSF Sec. 5.4 of Geotech Report

1B - 5689+48.00 - ST-012
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1. General Information 
File Name e:\project folders\exeltec...\left 

foundation.col
Project ---
Column ---
Engineer ---
Code ACI 318-14
Bar Set ASTM A615
Units English
Run Option Investigation
Run Axis X - axis
Slenderness Not Considered
Column Type Structural
Capacity Method Critical capacity

2. Material Properties 
2.1. Concrete 
Type Standard
f'c 4 ksi
Ec 3605 ksi
fc 3.4 ksi
εu 0.003 in/in
β1 0.85

2.2. Steel 
Type Standard
fy 60 ksi
Es 29000 ksi
εyt 0.00206897 in/in

3. Section 
3.1. Shape and Properties 
Type Circular
Diameter 54 in
Ag 2290.22 in2

Ix 417393 in4

Iy 417393 in4

rx 13.5 in
ry 13.5 in
Xo 0 in
Yo 0 in
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3.2. Section Figure 

Circular 54 x 54 in 0.87% reinf.

Figure 1: Column section

4. Reinforcement 
4.1. Bar Set: ASTM A615 

Bar Diameter Area Bar Diameter Area Bar Diameter Area
in in2 in in2 in in2

#3 0.38 0.11 #4 0.50 0.20 #5 0.63 0.31
#6 0.75 0.44 #7 0.88 0.60 #8 1.00 0.79
#9 1.13 1.00 #10 1.27 1.27 #11 1.41 1.56

#14 1.69 2.25 #18 2.26 4.00

4.2. Confinement and Factors 
Confinement type Spiral
For #11 bars or less #4 ties
For larger bars #4 ties

Capacity Reduction Factors
Axial compression, (a) 0.85
Tension controlled ɸ, (b) 0.9
Compression controlled ɸ, (c) 0.75

4.3. Arrangement 
Pattern All sides equal
Bar layout Circular
Cover to Transverse bars
Clear cover 4 in
Bars 20 #9

Total steel area, As 20.00 in2

Rho 0.87 %
Minimum clear spacing 5.74 in
(Note: Rho < 1.0%)

y

x
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5. Factored Loads and Moments with Corresponding Capacity Ratios 
NOTE: Calculations are based on "Critical Capacity" Method.

No. Demand Capacity Parameters at Capacity Capacity
Pu Mux ɸPn ɸMnx NA Depth εt ɸ Ratio
kip k-ft kip k-ft in

1 19.46 575.19 0.00 1899.98 9.72 0.01210 0.900 0.64
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6. Diagrams 
6.1. PM at θ=0 [deg] 
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1. General Information 
File Name E:\Project folders\Exelte...\Right 

Foundation.col
Project ---
Column ---
Engineer ---
Code ACI 318-14
Bar Set ASTM A615
Units English
Run Option Investigation
Run Axis X - axis
Slenderness Not Considered
Column Type Structural
Capacity Method Critical capacity

2. Material Properties 
2.1. Concrete 
Type Standard
f'c 4 ksi
Ec 3605 ksi
fc 3.4 ksi
εu 0.003 in/in
β1 0.85

2.2. Steel 
Type Standard
fy 60 ksi
Es 29000 ksi
εyt 0.00206897 in/in

3. Section 
3.1. Shape and Properties 
Type Circular
Diameter 54 in
Ag 2290.22 in2

Ix 417393 in4

Iy 417393 in4

rx 13.5 in
ry 13.5 in
Xo 0 in
Yo 0 in
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3.2. Section Figure 

Circular 54 x 54 in 0.87% reinf.

Figure 1: Column section

4. Reinforcement 
4.1. Bar Set: ASTM A615 

Bar Diameter Area Bar Diameter Area Bar Diameter Area
in in2 in in2 in in2

#3 0.38 0.11 #4 0.50 0.20 #5 0.63 0.31
#6 0.75 0.44 #7 0.88 0.60 #8 1.00 0.79
#9 1.13 1.00 #10 1.27 1.27 #11 1.41 1.56

#14 1.69 2.25 #18 2.26 4.00

4.2. Confinement and Factors 
Confinement type Spiral
For #11 bars or less #4 ties
For larger bars #4 ties

Capacity Reduction Factors
Axial compression, (a) 0.85
Tension controlled ɸ, (b) 0.9
Compression controlled ɸ, (c) 0.75

4.3. Arrangement 
Pattern All sides equal
Bar layout Circular
Cover to Transverse bars
Clear cover 4 in
Bars 20 #9

Total steel area, As 20.00 in2

Rho 0.87 %
Minimum clear spacing 5.74 in
(Note: Rho < 1.0%)

y

x
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5. Factored Loads and Moments with Corresponding Capacity Ratios 
NOTE: Calculations are based on "Critical Capacity" Method.

No. Demand Capacity Parameters at Capacity Capacity
Pu Mux ɸPn ɸMnx NA Depth εt ɸ Ratio
kip k-ft kip k-ft in

1 19.51 669.64 0.00 1899.98 9.72 0.01210 0.900 0.67
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6. Diagrams 
6.1. PM at θ=0 [deg] 
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I405 Renton - Bellevue Widening

Foundation Design For Sign
Structure.  (1B - 5689+48.00 -
ST-012)

The embedment required for left and right foundation is 11.33' and 12.2' respectively.
Embedment Provided is 12ft and 13ft respectively.

Shaft Diameter = 4.5'

Longitudinal reinforcement = 20-#9 Bars

Transverse reinforcement = #4 Spiral reinforcement.

This reinforcement values have been verified using SpColumn and are satisfactory.

SSO

12-09-2021
PW/SJK

12-09-2021
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11'-0"

SB I405 LINE

FINAL GRADE

ELEV. 51.07

ST-013

SIGN BRIDGE

SB I405 STA 5705+07.00 LT

SB I405 STA 5705+03.00 RT

28-7TRS SIGN

28-21
SIGN

LANE

24'-0"

LANE

36'-0"

BUFFER

4'-0"

LANES

11'-0"

SHDR
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8'-9

SHDR
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1

11'-3

MEDIAN
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5

9'-8

SHDR

8'-0"

GORE
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7'-9

ELEVATION

STRUCTURE SHALL BE 900 SQ. FT.

THE MAXIMUM SIGN AREA ON THIS 

LOOKING AHEAD ON STATIONING

 SSD-A11

SEE SHEET SSD-A10 AND

FOUNDATION TYPE 1 CAP

1

3.4

ELEV. 55.02 ELEV. 55.02

ELEV. 51.25

@ TRS NIPPLE LOCATION

6"ø HAND HOLE

ELEV. 46.06

 UNDERDRAIN PIPE

PROPOSED 6"

"Z
" 

R
IG

H
T CONDUIT

PROPOSED ILLUMINATION

 7.46L WALL

PROPOSED GEOSYNTHETIC

12" STORM LINE

PROPOSED

DRAINAGE STRUCTURE

PROPOSED

DRAINAGE STRUCTURE

PROPOSED
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NOTES:
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12'-7

TYP.

CONFIGURATION

FORWARD COMPATIBILITY

 WEST 5

 NOISE WALL

PROPOSED

POSTS (V) BEAM A (V) BEAM B (V) BEAM C (V) POST BASE (V) BOLTED SPLICE #1 BOLTED SPLICE #2

"A"

1'-9" 2'-6"

"B" "T1"

2'-6"

"B"

2'-3"

"C" "T2"

2'-6"

"B"

2'-3"

"C" "T2"

2'-6"

"B" "C" "T2"

1-3/4"

"D1" "S5" "S6" "T3" "T6" "S1" "S2" "S3" "S4""T4" "T5" "S1" "S2" "S3" "S4"

2-1/2"

"T4" "T5"

5/8" 5/8" 5/8" 5/8" 4.00 5.00 3" 1" 7.00 N/A 6.00 N/A 2.00 5/8"7.00 5.00 6.00 4.00 1"

MONOTUBE SIGN BRIDGE TABLE

2'-3"

NODE "N1"

11'-0"

LANE

SSD-A04

SSD-A03

 FOOTING, SEE SHEET SSD-A11 FOR DETAILS

 PENETRATIONS ON THE NORTH SIDE OF

INSTALL (1) 2"ø AND (1) 3"ø STEEL CONDUIT

SSD-A11 FOR DETAILS

OF FOOTING, SEE SHEET 

ON THE NORTHEAST SIDE 

CONDUIT PENETRATIONS 

INSTALL (2) 2"ø STEEL 

CONSTRUCTION NOTES:

1

BE PERMITTED.

WELDING OR DRILLING SHALL 

FABRICATION. NO FIELD 

PRIOR TO SIGN STRUCTURE 

TRS SIGN CONDUIT LOCATIONS, 

NIPPLE LOCATION TO MATCH 

CONTRACTOR TO VERIFY 

1

2" NIPPLE @ TRS

2

SHEET STT-005

LOAD REACTION IS SHOWN ON 

2'-0" MINIMUM BURIAL DEPTH

3

3

(DESIGNED BY OTHERS)

WITH BARRIER SHAPE CAP,

MOMENT SLAB

2

2

5'-0" 16'-0"

FOUNDATION (TYPE 1)

SOIL CASE *OFFSET

#11

SIZE ("X")

VERTICAL REBAR 

BARS ("Y")

NO. OF VERTICAL 

("Z")

DEPTH

ø

SHAFT

RIGHT CASE 5 15 BUNDLED PAIRS

FOR BARRIER TRANSITION.

SEE PAVING PLAN SHEET PV-28A 5.

SHOWN IN PLAN ON SHEET SN-28.

THE SIGN & SIGN STRUCTURE ARE 4.

SHEET SSD-A01.

STRUCTURES ARE SHOWN ON 

GENERAL NOTES FOR SIGN 3.

DATED 09/28/2021.

POLE STRUCTURES - SEG 1B 

GEOTECHINCAL REPORT MONOTUBE 

ARE IDENTIFIED PER THE 

* ASSUMED SOIL TYPE CASES 2.

DRAINAGE, AND ITS PLANS.

REFERENCE ONLY PER ROADWAY, 

INFORMATION SHOWN HERE FOR 

ROADWAY, DRAINAGE, AND ITS 1.

FINAL DESIGN
NOT FOR CONSTRUCTION
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L=107.33'
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22
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8'

h2
=

22
.5

8'

I405 Renton-Bellevue Widening

Member Size Determination.
(1B - 5705+03.00 RT - ST-013)

h1 and h2 are measured from the bottom of base plate to the center of the horizontal
member.

L is measured as the center to center distance between the Vertical Members.

Signs Mounted on Sign Bridge:

1. SIGN NO. 28-7

Dimension of sign:

L =  25' H = 13'

Area of Sign (A1) = L x H = 25*13 = 325 sqft.

2. SIGN NO. 28-8

L = 23.5'   H = 15'

Area of Sign (A2) = L x H = 23.5 x 15 = 352.5 sqft.

3. SIGN NO. 28-21

L = 4'   H = 5'

Area of Sign (A3) = L x H = 4 x 5 = 20 sqft.

Total Area of Sign = A1 + A2 + A3 = 697.5 sqft.

SSO

09-29-2021

PW/SJK

09-29-2021



Project: I405 Renton-Bellevue Engineer: SSO Project #
Widening Date: 6/10/2021 1906

Subject: Sizing of Sign Bridge Members. Checker: JTM Page
Date: 6/10/2021

Total Span Length, "S" = 107.33 ft (Centerline of posts)
Post Height, H = 22.58 ft (Bottom of base plate to CL of beam)
Total Sign Area = 697.5 sqft

Post Data
Hmax, ft A, ft B, ft T1, in D1, in S5 S6 T3, in T, in

22.58 1.75 2.50 0.63 1.75 4.00 5.00 3.00 1.00

Beam A
L1, ft B, ft C, ft T2, in camber, in
6.00 2.50 2.25 0.63 7.5

Beam B
L2, ft B, ft C, ft T2, in
27.67 2.50 2.25 0.63

Beam C
L3, ft B, ft C, ft T2, in
40.00 2.50 2.25 0.63

Beam D
L4, ft B, ft C, ft T2, in
N/A N/A N/A N/A

Splice 1
S1 S2 S3 S4 T4, in T5, in

7.00 N/A 6.00 N/A 2.00 0.63

Splice 2
S1 S2 S3 S4 T4, in T5, in

7.00 5.00 6.00 4.00 2.50 1.00

Splice 3
S1 S2 S3 S4 T4, in T5, in

N/A N/A N/A N/A N/A N/A

Max Allowable Sign Area, per BDM 900 sqft

This sheet will check WSDOT BDM Table 10.1.4-1 for an approved sign bridge layout, given the following design 
info:

DESIGN IS POSSIBLE

HORIZONTAL MEMBER DIMENSION

B

C

T2

TOP OF SIGN
STRUCTURE

ERTICAL MEMBER DIMENSION

A

B

T1

FLOW OF
TRAFFIC

VERTICAL MEMBER DIMENSION



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B - 5705+03.00RT - ST-013.

Project Number: 1906 

Calculation By: SSO Date:09/29/21

Check By:PW/SJK Date: 09/29/21

To Determine the Wind Load Acting on the Sign Structure.

As per WSDOT BDM 10.1.1 D, Basic wind speed of 115mph shall be used in computing 
design wind pressure using equation 3.8.1-1 of AASHTO LRFD Specifications for Structural 
Supports for Highway Signs, Luminaires and Traffic Signals.

The references pertaining to AASHTO refer to AASHTO LRFD Specifications for Structural 
Supports for Highway Signs, Luminaires and Traffic Signals hence forth unless mentioned 
otherwise.

≔Pz ⋅⋅⋅⋅⋅0.00256 Kz Kd G V
2
Cd AASHTO EQN 3.8.1-1

V = Basic Wind Speed (mph)

Kz = Height and Exposure Factor per AASHTO Article 3.8.4

Kd = Directionality Factor per AASHTO Article 3.8.5

G = Gust Effect Factor per AASHTO 3.8.6

Cd = Drag Coefficient per AASHTO 3.8.7

To determine Basic Wind Speed

≔V 115 mph WSDOT BDM 10.1.1.D

To determine Height and Exposure Factor, Kz

z = Greater of 16 ft or Height above ground at which the pressure is calculated.

≔h 30.25 ft

≔z =if

else

>h 16 ft
‖
‖h

‖
‖16 ft

30.25 ft

≔zg 900 ft AASHTO 3.8.4

≔α 9.5 AASHTO 3.8.4



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B - 5705+03.00RT - ST-013.

Project Number: 1906 

Calculation By: SSO Date:09/29/21

Check By:PW/SJK Date: 09/29/21

≔Kz =⋅2
⎛
⎜
⎝
―
z

zg

⎞
⎟
⎠

―
2

α

0.979

To determine Directionality Factor, Kd

≔Kd 0.85 AASHTO Table 3.8.5-1

Support with Horizontal arms or members supporting sign and/or signals.

To determine Gust Effect Factor, G

≔G 1.14 AASHTO 3.8.6



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B - 5705+03.00RT - ST-013.

Project Number: 1906 

Calculation By: SSO Date:09/29/21

Check By:PW/SJK Date: 09/29/21

To Determine Drag Coeffocent, Cd

≔Cdh 1.3 AASHTO T3.8.7-1

Assuming Cd = 1.3 for horizontal members to be conservative.

≔Cdv 2.0 AASHTO T3.8.7-1

Assuming Cd = 2.0 for vertical members to be conservative.



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B - 5705+03.00RT - ST-013.

Project Number: 1906 

Calculation By: SSO Date:09/29/21

Check By:PW/SJK Date: 09/29/21

To determine Wind Pressure (Pz)  for Horizontal Members.

=Kz 0.979

=Kd 0.85

=G 1.14

=V 115 mph

=Cdh 1.3

≔Pz ⋅⋅⋅⋅⋅⋅0.00256 Kz Kd G V
2
Cdh psf AASHTO EQN 3.8.1-1

=Pz 41.756 psf

To determine Wind Pressure (Pz)  for Vertical Members.

=Kz 0.979

=Kd 0.85

=G 1.14

=V 115 mph

=Cdv 2

≔Pz ⋅⋅⋅⋅⋅⋅0.00256 Kz Kd G V
2
Cdv psf AASHTO EQN 3.8.1-1

=Pz 64.24 psf
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(0,0,0)

L=107.33'

h1
=

 2
2.

58
'

h2
=

22
.5

8'

(0,22.58',0) (107.33',22.58',0)

(107.33',0,0)

I405 Renton-Bellevue Widening

RISA Model Input 
(1B - 5705+03.00 RT - ST-013)

Loads Acting on the Sign Structure:

DL = 3.25psf distributed over 12ft tall sign structure = 3.25*12 = 39plf

LL = 0

WL = Wind Loading calculated from MathCAD * Trib. Area 

WL on horizontal members = Pzh * 12' = 41.756 * 12' = 501.07plf

WL on vertical members is distributed into two separate components:

BLn = Basic load normal to plane of the structure =  Pzv * A = 64.24*1.75' = 112.4plf

BLt = Basic load transverse to plane of the structure = Pzv * B = 64.24*2.5' = 160.6plf

IL = 3psf distributed over surface area of Members 

IL on horizontal members = 3*(perimeter of member) = 3*2*(2.5+2.25) = 28.5plf

IL on vertical members = 3*(perimeter of member) = 3*2*(1.75+2.5) = 25.5plf

h1 and h2 are measured from the bottom of base plate to the center of the horizontal
member.

L is measured as the center to center distance between the Vertical Members.

SSO

09-29-2021

PW/SJK

09-29-2021
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I405 Renton-Bellevue Widening

RISA Model Input 
(1B - 5705+03.00 RT - ST-013)

Load Combinations:

IL is assumed to be as a transient load and all loads applicable to LL have been applied to IL.

Strength 1:  1.25DL+1.6L

Extreme 1 (Max): 1.1DL+1.0W 

Extreme 1 (Max) Case 1: 1.1DL + 1.0Wh + 1.0(BLn)

Extreme 1 (Max) Case 2: 1.1DL + 1.0Wh + 1.0(BLt)

Extreme 1 (Max) Case 3: 1.1DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

Extreme 1 (Min): 0.9DL+1.0W

Extreme 1 (Max) Case 1: 0.9DL + 1.0Wh + 1.0(BLn)

Extreme 1 (Max) Case 2: 0.9DL + 1.0Wh + 1.0(BLt)

Extreme 1 (Max) Case 3: 0.9DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

Service 1: 1.0DL+1.0W

Service 1 (Max) Case 1: 1.0DL + 1.0Wh + 1.0(BLn)

Service 1 (Max) Case 2: 1.0DL + 1.0Wh + 1.0(BLt)

Service 1 (Max) Case 3: 1.0DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

SSO

09-29-2021

PW/SJK

09-29-2021



RISA ONLY USED FOR ANALYSIS NOT FOR DESIGN











Project: I405 Renton-Bellevue Engineer: SSO Project #

Date: 9/29/2021 1906

Subject: Checker: JTM Page

Date: 9/29/2021

Load Combination Joint Label X (kip) Y (kip) Z (kip) Mx (k-ft) My (k-ft) Mz (k-ft) Resultant Shear (SRSS) (kip) Resultant Moment (SRSS) (k-ft)

1 N1 20.30 27.93 0.00 0.00 0.00 -145.09 34.53 145.09

1 N4 -20.30 27.93 0.00 0.00 0.00 145.09 34.53 145.09

2 N1 15.75 21.56 29.40 637.73 -246.57 -112.55 39.71 692.94

2 N4 -15.75 21.56 29.38 637.37 246.54 112.55 39.70 692.59

3 N1 12.14 21.38 26.87 609.08 -246.57 -81.06 36.42 662.07

3 N4 -19.36 21.73 26.85 608.75 246.54 144.04 39.60 672.39

4 N1 13.04 21.43 28.77 630.56 -246.57 -88.93 38.16 682.87

4 N4 -18.46 21.69 28.75 630.22 246.54 136.16 40.47 690.29

5 N1 12.89 17.64 29.40 637.28 -246.57 -92.08 36.62 689.49

5 N4 -12.89 17.64 29.38 636.91 246.54 92.08 36.61 689.14

6 N1 9.27 17.46 26.87 608.63 -246.57 -60.61 33.36 659.47

6 N4 -16.50 17.81 26.85 608.31 246.54 123.56 36.20 667.90

7 N1 10.18 17.51 28.77 630.11 -246.57 -68.48 35.18 680.09

7 N4 -15.60 17.77 28.75 629.77 246.54 115.69 37.22 686.13

8 N1 14.32 19.60 29.40 637.51 -246.57 -102.32 38.12 691.14

8 N4 -14.32 19.60 29.38 637.14 246.54 102.32 38.11 690.79

9 N1 10.70 19.42 26.87 608.86 -246.57 -70.83 34.84 660.70

9 N4 -17.93 19.77 26.85 608.53 246.54 133.80 37.86 670.07

10 N1 11.61 19.47 28.77 630.33 -246.57 -78.70 36.62 681.40

10 N4 -17.03 19.73 28.75 630.00 246.54 125.93 38.80 688.14

Widening

Reactions from RISA Model

For Sign Structures.

Maximum Moment (kip-ft)=

Maximum Shear (kip) = 40.47

692.94

Shear Moment



Project: I405 Renton-Bellevue Engineer: SSO Project #
Widening 10/1/2021 1906

Subject: Checker: JTM Page
Design for Sign Structure Foundation 10/1/2021

Sign Structure = Foundation = Right (based on elevation view)

L = 15.40 ft Ka = 0.35
M = 692940 ft-# Pa (Unfactored) = 143 #
VF = 40470 # Pa (Factored) = 214 #
D = 5.00 ft MF = 1057259 ft-#

Pv = 27930 # Pp = 254646 #
G.D. = 1.25 ft F = 213962 #

Ht Above Grade = 7.75 ft Vert Bearing Pressure = 1422 PSF OK (Pv/Area of Shaft)
β = 16.39 deg ΦTn = F*tanΦD/2 = 334245 ft-# OK (BDM 10.1.5(1))
γ = 105 PCF Kp = 2.64

Φ = 32.00 deg L' = q/(γKp) = 4.68 ft  
Torsion, (Tn) = 246570 ft-# Embedment Check = 0.00 OK

z = 4.42 ft  
H= 26.12

Mu = 1176188 ft-#
Vu = 40684 ft-#

Check against Allowable Lateral Bearing Pressures:

Maximum Applied Soil Pressure Per Classical Broms'= 4276 PSF (Kp*γ*L)

Allowable Lateral Bearing Pressure exceeded, therefore use modified Broms' method

Classical Broms' Equations Modified Broms' Equations

Where;

Allowable Vertical Bearing 
Pressure =

2000 PSF Sec. 5.4 of Geotech Report

1B - 5705+03.00 RT - ST-013

Allowable Lateral Bearing 
Pressure =

1300 PSF
From Geotech 
Report, Case 5

Embedment 
Check

Ultimate 
Moment in 

Shaft



Licensee stated below acknowledges that STRUCTUREPOINT (SP) is not and cannot be responsible for either the accuracy or adequacy of the material 
supplied as input for processing by the spColumn computer program. Furthermore, STRUCTUREPOINT neither makes any warranty expressed nor implied 
with respect to the correctness of the output prepared by the spColumn program. Although STRUCTUREPOINT has endeavored to produce spColumn error 
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1. General Information 
File Name E:\Project folders\Exelte...\Right 

Foundation.col
Project 1906 - 1B - 5714+67.00 -ST-014
Column Right FDN
Engineer JMW
Code ACI 318-14
Bar Set ASTM A615
Units English
Run Option Investigation
Run Axis X - axis
Slenderness Not Considered
Column Type Structural
Capacity Method Critical capacity

2. Material Properties 
2.1. Concrete 
Type Standard
f'c 4 ksi
Ec 3605 ksi
fc 3.4 ksi
εu 0.003 in/in
β1 0.85

2.2. Steel 
Type Standard
fy 60 ksi
Es 29000 ksi
εyt 0.00206897 in/in

3. Section 
3.1. Shape and Properties 
Type Circular
Diameter 60 in
Ag 2827.43 in2

Ix 636173 in4

Iy 636173 in4

rx 15 in
ry 15 in
Xo 0 in
Yo 0 in
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3.2. Section Figure 

Circular 60 x 60 in 1.66% reinf.

Figure 1: Column section

4. Reinforcement 
4.1. Bar Set: ASTM A615 

Bar Diameter Area Bar Diameter Area Bar Diameter Area
in in2 in in2 in in2

#3 0.38 0.11 #4 0.50 0.20 #5 0.63 0.31
#6 0.75 0.44 #7 0.88 0.60 #8 1.00 0.79
#9 1.13 1.00 #10 1.27 1.27 #11 1.41 1.56

#14 1.69 2.25 #18 2.26 4.00

4.2. Confinement and Factors 
Confinement type Spiral
For #11 bars or less #4 ties
For larger bars #4 ties

Capacity Reduction Factors
Axial compression, (a) 0.85
Tension controlled ɸ, (b) 0.9
Compression controlled ɸ, (c) 0.75

4.3. Arrangement 
Pattern All sides equal
Bar layout Circular
Cover to Longitudal bars
Clear cover 4 in
Bars 30 #11

Total steel area, As 46.80 in2

Rho 1.66 %
Minimum clear spacing 3.88 in

y

x
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5. Factored Loads and Moments with Corresponding Capacity Ratios 
NOTE: Calculations are based on "Critical Capacity" Method.

No. Demand Capacity Parameters at Capacity Capacity
Pu Mux ɸPn ɸMnx NA Depth εt ɸ Ratio
kip k-ft kip k-ft in

1 27.93 1176.19 0.00 4647.58 13.99 0.00886 0.900 0.46
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6. Diagrams 
6.1. PM at θ=0 [deg] 
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I405 Renton - Bellevue Widening

Foundation Design For Sign
Structure. (1B - 5705+03.00 RT
- ST-013)

The embedment required for right foundation is 15.4',  and actual provided 16' for
embedment

Longitudinal reinforcement = 15 Bundled - #11 Rebar

Transverse reinforcement = #4 Spiral reinforcement.

This reinforcement values have been verified using SpColumn and are satisfactory.

SSO

09-29-2021

PW/SJK

09-29-2021
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SIGN BRIDGE

SB I405 STA 5714+72.00 LT

SB I405 STA 5714+67.00 RT

 SSD-A11

SEE SHEET SSD-A10 AND

FOUNDATION TYPE 1 CAP

28-15B
SIGN

28-15ASIGN

ELEVATION

STRUCTURE SHALL BE 800 SQ. FT.

THE MAXIMUM SIGN AREA ON THIS 

LOOKING AHEAD ON STATIONING

(BOT. OF BARRIER)

ELEV. 46.01

SHDR
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PROPOSED DRAINAGE 
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SEE SHEETS SSD-A10 AND SSD-A13

WITH BARRIER SHAPE CAP

FOUNDATION TYPE 1

 

12'-2"

 GROUND LINE

EXIST

ELEV. 46.90
WEST 5

NOISE WALL

PROPOSED 

TYP.

STRUCTURE

PROPOSED DRAINAGE 

30" STORM LINE

PROPOSED

POSTS (V) BEAM A (V) BEAM B (V) BEAM C (V) POST BASE (V) BOLTED SPLICE #1 BOLTED SPLICE #2

"A"

1'-6" 2'-3"

"B" "T1"

2'-3"

"B"

2'-0"

"C" "T2"

2'-3"

"B"

2'-0"

"C" "T2"

2'-3"

"B" "C" "T2"

1-3/4"

"D1" "S5" "S6" "T3" "T6" "S1" "S2" "S3" "S4""T4" "T5" "S1" "S2" "S3" "S4"

2-1/4"

"T4" "T5"

5/8" 5/8" 5/8" 5/8" 4.00 4.00 3" 3/4"6.00 N/A 5.00 N/A 2" 5/8"6.00 N/A 5.00 N/A 3/4"

MONOTUBE SIGN BRIDGE TABLE

2'-0"

NOTES:

4'-6" 14'-0"

FOUNDATION (TYPE 1)

RIGHT 4'-6" 14'-0"

SOIL CASE *

LEFT

OFFSET

#9

SIZE ("X")

VERTICAL REBAR 

BARS ("Y")

NO. OF VERTICAL 

20

#9 20

("Z")

DEPTH

CASE 5

CASE 5

ø

SHAFT

PV-29 FOR BARRIER TRANSITION.

SEE PAVING PLAN SHEETS PV-28A & 5.

SHOWN IN PLAN ON SHEET SN-28.

THE SIGN & SIGN STRUCTURE ARE 4.

ARE SHOWN ON SHEET SSD-A01.

GENERAL NOTES FOR SIGN STRUCTURES 3.

SEG 1B DATED 09/28/2021.

REPORT MONOTUBE POLE STRUCTURES - 

IDENTIFIED PER THE GEOTECHINCAL 

* ASSUMED SOIL TYPE CASES ARE 2.

DRAINAGE, AND ITS PLANS.

REFERENCE ONLY PER ROADWAY, 

INFORMATION SHOWN HERE FOR 

ROADWAY, DRAINAGE, AND ITS 1.

FINAL DESIGN
NOT FOR CONSTRUCTION
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I405 Renton-Bellevue Widening

Member Size Determination.
(1B - 5714+67.00 - ST-014)

h1 and h2 are measured from the bottom of base plate to the center of the horizontal
member.

L is measured as the center to center distance between the Vertical Members.

Signs Mounted on Sign Bridge:

1. SIGN NO. 28-16

Dimension of sign:

L = 19'  H = 8'

Area of Sign (A1) = L x H = 19' x 8' = 152sqft

2. SIGN NO. 28-15A

L = 17'  H = 12.5'

Area of Sign (A2) = L x H = 17' x 12.5' = 212.5sqft

3. SIGN NO. 28-15B

L = 6'  H = 2.5'

Area of Sign (A3) = L x H = 6' x 2.5' = 15sqft

Total Area of Sign = A1 + A2 + A3 = 152sqft + 212.5sqft + 15sqft  = 379.5sqft

SSO

09-29-2021

PW/SJK

09-29-2021



Project: I405 Renton-Bellevue Engineer: SSO Project #
Widening Date: 12/11/2020 1906

Subject: Sizing of Sign Bridge Members. Checker: RJN Page
Date: 12/15/2020

Total Span Length, "S" = 87.00 ft (Centerline of posts)
Post Height, H = 21.17 ft (Bottom of base plate to CL of beam)
Total Sign Area = 379.5 sqft

Post Data
Hmax, ft A, ft B, ft T1, in D1, in S5 S6 T3, in T, in

21.17 1.50 2.25 0.63 1.75 4.00 4.00 3.00 0.75

Beam A
L1, ft B, ft C, ft T2, in camber, in
6.00 2.25 2.00 0.63 5

Beam B
L2, ft B, ft C, ft T2, in
17.50 2.25 2.00 0.63

Beam C
L3, ft B, ft C, ft T2, in
40.00 2.25 2.00 0.63

Beam D
L4, ft B, ft C, ft T2, in
N/A N/A N/A N/A

Splice 1
S1 S2 S3 S4 T4, in T5, in

6.00 N/A 5.00 N/A 2.00 0.63

Splice 2
S1 S2 S3 S4 T4, in T5, in

6.00 N/A 5.00 N/A 2.25 0.75

Splice 3
S1 S2 S3 S4 T4, in T5, in

N/A N/A N/A N/A N/A N/A

Max Allowable Sign Area, per BDM 800 sqft

This sheet will check WSDOT BDM Table 10.1.4-1 for an approved sign bridge layout, given the follwing design info:

DESIGN IS POSSIBLE

HORIZONTAL MEMBER DIMENSION

B

C

T2

TOP OF SIGN
STRUCTURE

ERTICAL MEMBER DIMENSION

A

B

T1

FLOW OF
TRAFFIC

VERTICAL MEMBER DIMENSION



Project: I405 Renton-Bellevue Widening
Subject: Wind Load Calculation for Sign Structures

Project Number: 1906 
Calculation By: JMW Date:12/11/20

Check By:RJN Date: 12/15/20

To Determine the Wind Load Acting on the Sign Structure.

As per WSDOT BDM 10.1.1 D, Basic wind speed of 115mph shall be used in computing 
design wind pressure using equation 3.8.1-1 of AASHTO LRFD Specifications for Structural 
Supports for Highway Signs, Luminaires and Traffic Signals.

The references pertaining to AASHTO refer to AASHTO LRFD Specifications for Structural 
Supports for Highway Signs, Luminaires and Traffic Signals hence forth unless mentioned 
otherwise.

≔Pz ⋅⋅⋅⋅⋅0.00256 Kz Kd G V
2
Cd AASHTO EQN 3.8.1-1

V = Basic Wind Speed (mph)

Kz = Height and Exposure Factor per AASHTO Article 3.8.4

Kd = Directionality Factor per AASHTO Article 3.8.5

G = Gust Effect Factor per AASHTO 3.8.6

Cd = Drag Coefficient per AASHTO 3.8.7

To determine Basic Wind Speed

≔V 115 mph WSDOT BDM 10.1.1.D

To determine Height and Exposure Factor, Kz

z = Greater of 16 ft or Height above ground at which the pressure is calculated.

≔h 30.60 ft

≔z =if

else

>h 16 ft
‖
‖h

‖
‖16 ft

30.6 ft

≔zg 900 ft AASHTO 3.8.4

≔α 9.5 AASHTO 3.8.4



Project: I405 Renton-Bellevue Widening
Subject: Wind Load Calculation for Sign Structures

Project Number: 1906 
Calculation By: JMW Date:12/11/20

Check By:RJN Date: 12/15/20

≔Kz =⋅2
⎛
⎜
⎝
―
z

zg

⎞
⎟
⎠

―
2

α

0.981

To determine Directionality Factor, Kd

≔Kd 0.85 AASHTO Table 3.8.5-1

Support with Horizontal arms or members supporting sign and/or signals.

To determine Gust Effect Factor, G

≔G 1.14 AASHTO 3.8.6



Project: I405 Renton-Bellevue Widening
Subject: Wind Load Calculation for Sign Structures

Project Number: 1906 
Calculation By: JMW Date:12/11/20

Check By:RJN Date: 12/15/20

To Determine Drag Coeffocent, Cd

≔Cdh 1.3 AASHTO T3.8.7-1

Assuming Cd = 1.3 for horizontal members to be conservative.

≔Cdv 2.0 AASHTO T3.8.7-1

Assuming Cd = 2.0 for vertical members to be conservative.



Project: I405 Renton-Bellevue Widening
Subject: Wind Load Calculation for Sign Structures

Project Number: 1906 
Calculation By: JMW Date:12/11/20

Check By:RJN Date: 12/15/20

To determine Wind Pressure (Pz)  for Horizontal Members.

=Kz 0.981

=Kd 0.85

=G 1.14

=V 115 mph

=Cdh 1.3

≔Pz ⋅⋅⋅⋅⋅⋅0.00256 Kz Kd G V
2
Cdh psf AASHTO EQN 3.8.1-1

=Pz 41.857 psf

To determine Wind Pressure (Pz)  for Vertical Members.

=Kz 0.981

=Kd 0.85

=G 1.14

=V 115 mph

=Cdv 2

≔Pz ⋅⋅⋅⋅⋅⋅0.00256 Kz Kd G V
2
Cdv psf AASHTO EQN 3.8.1-1

=Pz 64.396 psf
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I405 Renton-Bellevue Widening

RISA Model Input 
(1B - 5714+67.00 - ST-014)

Loads Acting on the Sign Structure:

DL = 3.25psf distributed over 12ft tall sign structure = 3.25*12 = 39plf

LL = 0

WL = Wind Loading calculated from MathCAD * Trib. Area 

WL on horizontal members = Pzh * 12' = 41.857psf* 12' = 502plf

WL on vertical members is distributed into two separate components:

BLn = Basic load normal to plane of the structure =  Pzv * A = 64.396psf * 1.5' = 96.59plf

BLt = Basic load transverse to plane of the structure = Pzv * B = 64.396psf * 2.25' = 144.89plf 

IL = 3psf distributed over surface area of Members 

IL on horizontal members = 3psf*(perimeter of member) = 3psf * 2 * (2' + 2.25') = 25.5plf

IL on vertical members = 3psf*(perimeter of member) = 3psf * 2 * (1.5' + 2.25') = 22.5plf

h1 and h2 are measured from the bottom of base plate to the center of the horizontal
member.

L is measured as the center to center distance between the Vertical Members.

SSO

09-29-2021

PW/SJK

09-29-2021



  

 

e x e I t e c h 

 

I405 Renton-Bellevue Widening

RISA Model Input 
(1B - 5714+67.00 - ST-014)

Load Combinations:

IL is assumed to be as a transient load and all loads applicable to LL have been applied to IL.

Strength 1:  1.25DL+1.6L

Extreme 1 (Max): 1.1DL+1.0W 

Extreme 1 (Max) Case 1: 1.1DL + 1.0Wh + 1.0(BLn)

Extreme 1 (Max) Case 2: 1.1DL + 1.0Wh + 1.0(BLt)

Extreme 1 (Max) Case 3: 1.1DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

Extreme 1 (Min): 0.9DL+1.0W

Extreme 1 (Max) Case 1: 0.9DL + 1.0Wh + 1.0(BLn)

Extreme 1 (Max) Case 2: 0.9DL + 1.0Wh + 1.0(BLt)

Extreme 1 (Max) Case 3: 0.9DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

Service 1: 1.0DL+1.0W

Service 1 (Max) Case 1: 1.0DL + 1.0Wh + 1.0(BLn)

Service 1 (Max) Case 2: 1.0DL + 1.0Wh + 1.0(BLt)

Service 1 (Max) Case 3: 1.0DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

SSO

09-29-2021

PW/SJK

09-29-2021
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Exeltech
SSO
1906
1B - 5714+67.00 - ST-014

Checked By : JTM

10/1/2021
6:22:41 PM

RISA-3D.NET version 18.0.0.35935 [ 1B - 5714+67.00 - ST-014 v2.r3d ] Page 1

Model Settings

Number of Reported Sections 5
Number of Internal Sections 97
Member Area Load Mesh Size (in2) 144
Consider Shear Deformation Yes
Consider Torsional Warping Yes

Approximate Mesh Size (in) 24
Transfer Forces Between Intersecting Wood Walls Yes
Increase Wood Wall Nailing Capacity for Wind Loads Yes
Include P-Delta for Walls Yes
Optimize Masonry and Wood Walls Yes
Maximum Number of Iterations 3

Single No
Multiple (Optimum) Yes
Maximum No

Global Axis corresponding to vertical direction Y
Convert Existing Data Yes

Default Global Plane for z-axis XZ

Plate Local Axis Orientation Global

Hot Rolled Steel AISC 15th (360-16): ASD
Stiffness Adjustment Yes (Iterative)
Notional Annex None
Connections AISC 14th (360-10): ASD
Cold Formed Steel AISI S100-16: ASD
Stiffness Adjustment Yes (Iterative)
Wood AWC NDS-18: ASD
Temperature < 100F
Concrete ACI 318-14
Masonry TMS 402-16: ASD
Aluminum AA ADM1-15: ASD
Structure Type Building
Stiffness Adjustment Yes (Iterative)
Stainless AISC 14th (360-10): ASD
Stiffness Adjustment Yes (Iterative)

Analysis Methodology Exact Integration Method
Parme Beta Factor 0.65
Compression Stress Block Rectangular Stress Block
Analyze using Cracked Sections Yes
Leave room for horizontal rebar splices (2*d bar spacing) No
List forces which were ignored for design in the Detail Report Yes

Column Min Steel 1
Column Max Steel 8
Rebar Material Spec ASTM A615
Warn if beam-column framing arrangement is not understood No
Number of Shear Regions 4
Region 2 & 3 Spacing Increase Increment (in) 4

Code ASCE 7-16
Risk Category I
Drift Cat Other
Base Elevation (ft) -999999
Include the weight of the structure in base shear calcs Yes

S1(g) 1

RISA 3D USED FOR ANALYSIS ONLY.
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Model Settings (Continued)

SD1(g) 1
SDS(g) 1
TL(sec) 5

T (sec)
T (sec)
Ct 0.02
Ct 0.02
CtExp. 0.75
CtExp. 0.75
R 3
R 3
Ω0 1
Ω0 1
Cd 4
Cd 4
ρ 1
ρ 1
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RISA-3D.NET version 18.0.0.35935 [ 1B - 5714+67.00 - ST-014 v2.r3d ] Page 3

Nodes

Label X [ft] Y [ft] Z [ft] Temp [deg F] Detach From Dia…
1 N1 0 0 0
2 N2 0 21.17 0
3 N3 87 21.17 0
4 N4 87 0 0

Boundary Conditions

Node Label X [k/in] Y [k/in] Z [k/in] X Rot [k-ft/rad] Y Rot [k-ft/rad] Z Rot [k-ft/rad]
1 N1 Reaction Reaction Reaction Reaction Reaction Reaction
2 N4 Reaction Reaction Reaction Reaction Reaction Reaction

Hot Rolled Steel Properties

Label E [ksi] G [ksi] Nu Therm. C…Density [k… Yield [ksi] Ry Fu [ksi] Rt
1 A992 29000 11154 0.3 0.65 0.49 50 1.1 65 1.1
2 A36 Gr.36 29000 11154 0.3 0.65 0.49 36 1.5 58 1.2
3 A572 Gr.50 29000 11154 0.3 0.65 0.49 50 1.1 65 1.1

Hot Rolled Steel Section Sets

Label Shape Type Design List Material Design R… Area [in²] Iyy [in⁴] Izz [in⁴] J [in⁴]
1 Horizonta… 24x27x5/8 Beam Wide Fla… A572 Gr.50 Typical 62.188 5837.785 6996.808 9550.038
2 Vertical M… 18x27x0.… Column Wide Fla… A572 Gr.50 Typical 54.688 3037.824 5692.238 6000.211

Hot Rolled Member Properties

Label Shape Length [ft] Lb y-y [ft] Lb z-z [ft] Lcomp t… Lcomp… L-Torqu… K y-y K z-z Cb Function
1 M1 Vertical… 21.17 Lateral
2 M2 Vertical… 21.17 Lateral
3 M3 Horizon… 87 Lbyy Lateral

Dead Laod

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M3 Y -0.039 -0.039 0 %100 Active

Wind Load Wh

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M3 Z -0.502 -0.502 0 %100 Active

Ice Load

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M3 Y -0.026 -0.026 0 %100 Active
2 M1 Y -0.023 -0.023 0 %100 Active
3 M2 Y -0.023 -0.023 0 %100 Active

BLn

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M1 Z -0.097 -0.097 0 %100 Active
2 M2 Z -0.097 -0.097 0 %100 Active

BLt

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M1 X 0.145 0.145 0 %100 Active
2 M2 X 0.145 0.145 0 %100 Active

Basic Load Cases

BLC Des… Category X Gravity Y Gravity Z Gravity Nodal Point Distributed Area(Me… Surface(…
1 Dead Laod DL -1 1
2 Live Load LL
3 Wind Loa… WL 1
4 Ice Load SL 3
5 BLn None 2
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Basic Load Cases (Continued)

BLC Des… Category X Gravity Y Gravity Z Gravity Nodal Point Distributed Area(Me… Surface(…
6 BLt None 2

Load Combinations

De…So… P… S… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa…
1 Str… Yes Y 1 1.25 2 1.6 4 1.6
2 Ex… Yes Y 1 1.1 3 1 5 1
3 Ex… Yes Y 1 1.1 3 1 6 1
4 Ex… Yes Y 1 1.1 3 1 5 0.75 6 0.75
5 Ex… Yes Y 1 0.9 3 1 5 1
6 Ex… Yes Y 1 0.9 3 1 6 1
7 Ex… Yes Y 1 0.9 3 1 5 0.75 6 0.75
8 Se… Yes Y 1 1 3 1 5 1
9 Se… Yes Y 1 1 3 1 6 1

10 Se… Yes Y 1 1 3 1 5 0.75 6 0.75

Node Reactions

LC Node Label X [k] Y [k] Z [k] MX [k-ft] MY [k-ft] MZ [k-ft]
1 1 N1 13.2799 21.0883 0 0 0 -88.7757
2 1 N4 -13.2799 21.0883 0 0 0 88.7757
3 1 Totals: 0 42.1767 0
4 1 COG (ft): X: 43.5 Y: 18.3157 Z: 0
5 2 N1 10.3396 16.3252 23.8905 487.4128 -159.5266 -69.1203
6 2 N4 -10.3396 16.3252 23.8905 487.4128 159.5266 69.1203
7 2 Totals: 0 32.6505 47.781
8 2 COG (ft): X: 43.5 Y: 18.3603 Z: 0
9 3 N1 7.2699 16.1653 21.8371 465.5324 -159.5295 -43.5319

10 3 N4 -13.4092 16.4852 21.8369 465.5888 159.5237 94.7087
11 3 Totals: -6.1393 32.6505 43.674
12 3 COG (ft): X: 43.5 Y: 18.3603 Z: 0
13 4 N1 8.0373 16.2053 23.3772 481.928 -159.5288 -49.929
14 4 N4 -12.6418 16.4452 23.3771 481.9715 159.5244 88.3116
15 4 Totals: -4.6045 32.6505 46.7542
16 4 COG (ft): X: 43.5 Y: 18.3603 Z: 0
17 5 N1 8.4596 13.357 23.8905 486.7934 -159.5266 -56.553
18 5 N4 -8.4596 13.357 23.8905 486.7934 159.5266 56.553
19 5 Totals: 0 26.714 47.781
20 5 COG (ft): X: 43.5 Y: 18.3603 Z: 0
21 6 N1 5.3899 13.1971 21.8371 464.9343 -159.5295 -30.9712
22 6 N4 -11.5292 13.5169 21.8369 464.9906 159.5237 82.1348
23 6 Totals: -6.1393 26.714 43.674
24 6 COG (ft): X: 43.5 Y: 18.3603 Z: 0
25 7 N1 6.1573 13.2371 23.3772 481.314 -159.5288 -37.3667
26 7 N4 -10.7618 13.4769 23.3771 481.3573 159.5244 75.7393
27 7 Totals: -4.6045 26.714 46.7542
28 7 COG (ft): X: 43.5 Y: 18.3603 Z: 0
29 8 N1 9.3996 14.8411 23.8905 487.1029 -159.5266 -62.8366
30 8 N4 -9.3996 14.8411 23.8905 487.1029 159.5266 62.8366
31 8 Totals: 0 29.6823 47.781
32 8 COG (ft): X: 43.5 Y: 18.3603 Z: 0
33 9 N1 6.3299 14.6812 21.8371 465.2332 -159.5295 -37.2516
34 9 N4 -12.4692 15.001 21.8369 465.2895 159.5237 88.4217
35 9 Totals: -6.1393 29.6823 43.674
36 9 COG (ft): X: 43.5 Y: 18.3603 Z: 0
37 10 N1 7.0973 14.7212 23.3772 481.6208 -159.5288 -43.6478
38 10 N4 -11.7018 14.9611 23.3771 481.6642 159.5244 82.0255
39 10 Totals: -4.6045 29.6823 46.7542
40 10 COG (ft): X: 43.5 Y: 18.3603 Z: 0



Project: I405 Renton-Bellevue Engineer: SSO Project #
Date: 12/15/2020 1906

Subject: Checker: RJN Page
Date: 12/15/2020

Load Combination Joint Label X (kip) Y (kip) Z (kip) Mx (k-ft) My (k-ft) Mz (k-ft) Resultant Shear (SRSS) (kip) Resultant Moment (SRSS) (k-ft)
1 N1 13.2799 21.0883 0 0 0 -88.7757 24.92 88.78
1 N4 -13.28 21.0883 0 0 0 88.7757 24.92 88.78
2 N1 10.3396 16.3252 23.8905 487.4128 -159.527 -69.1203 30.73 517.49
2 N4 -10.34 16.3252 23.8905 487.4128 159.5266 69.1203 30.73 517.49
3 N1 7.2699 16.1653 21.8371 465.5324 -159.53 -43.5319 28.13 494.03
3 N4 -13.409 16.4852 21.8369 465.5888 159.5237 94.7087 30.47 501.19
4 N1 8.0373 16.2053 23.3772 481.928 -159.529 -49.929 29.56 510.10
4 N4 -12.642 16.4452 23.3771 481.9715 159.5244 88.3116 31.25 515.31
5 N1 8.4596 13.357 23.8905 486.7934 -159.527 -56.553 28.65 515.38
5 N4 -8.4596 13.357 23.8905 486.7934 159.5266 56.553 28.65 515.38
6 N1 5.3899 13.1971 21.8371 464.9343 -159.53 -30.9712 26.08 492.52
6 N4 -11.529 13.5169 21.8369 464.9906 159.5237 82.1348 28.15 498.41
7 N1 6.1573 13.2371 23.3772 481.314 -159.529 -37.3667 27.56 508.44
7 N4 -10.762 13.4769 23.3771 481.3573 159.5244 75.7393 29.05 512.73
8 N1 9.3996 14.8411 23.8905 487.1029 -159.527 -62.8366 29.65 516.40
8 N4 -9.3996 14.8411 23.8905 487.1029 159.5266 62.8366 29.65 516.40
9 N1 6.3299 14.6812 21.8371 465.2332 -159.53 -37.2516 27.06 493.23
9 N4 -12.469 15.001 21.8369 465.2895 159.5237 88.4217 29.28 499.76

10 N1 7.0973 14.7212 23.3772 481.6208 -159.529 -43.6478 28.52 509.23
10 N4 -11.702 14.9611 23.3771 481.6642 159.5244 82.0255 30.12 513.98

31.25
517.49

Shear Moment

Maximum Moment (kip-ft)=

Widening
Reactions from RISA Model
For Sign Structures.

Maximum Shear (kip) =



Project: I405 Renton-Bellevue Engineer: SSO Project #
Widening Date: 09/29/2021 1906

Subject: Checker: JTM Page
Design for Sign Structure Foundation Date: 09/29/2021

Sign Structure = Foundation = Left (based on elevation view)

L = 13.88 ft Ka = 0.32
M = 517490 ft-# Pa (Unfactored) = 42 #
VF = 31250 # Pa (Factored) = 64 #
D = 4.50 ft MF = 810006 ft-#

Pv = 21088 # Pp = 207922 #
G.D. = 0.75 ft F = 176608 #

Ht Above Grade = 8.61 ft Vert Bearing Pressure = 1326 PSF OK (Pv/Area of Shaft)
β = 9.46 deg ΦTn = F*tanΦD/2 = 248304 ft-# OK (BDM 10.1.5(1))
γ = 105 PCF Kp = 3.05

Φ = 32.00 deg L' = q/(γKp) = 4.06 ft  
Torsion, (Tn) = 159527 ft-# Embedment Check = 0.00 OK

z = 3.81 ft  
H= 25.92

Mu = 889260 ft-#
Vu = 31314 ft-#

Check against Allowable Lateral Bearing Pressures:

Maximum Applied Soil Pressure Per Classical Broms'= 4439 PSF (Kp*γ*L)

Allowable Lateral Bearing Pressure exceeded, therefore use modified Broms' method

Classical Broms' Equations Modified Broms' Equations

Where;

Embedment 
Check

Ultimate 
Moment in 

Shaft

1B - 5714+67.00 - ST-014

Allowable Vertical Bearing 
Pressure =

Allowable Lateral Bearing 
Pressure =

1300 PSF
From Geotech 
Report, Case 5

Sec. 5.4 of Geotech Report2000 PSF



Project: I405 Renton-Bellevue Engineer: SSO Project #
Widening Date: 09/29/2021 1906

Subject: Checker: JTM Page
Design for Sign Structure Foundation 1/11/1900

Sign Structure = Foundation = Right (based on elevation view)

L = 13.05 ft Ka = 0.32
M = 517490 ft-# Pa (Unfactored) = 57 #
VF = 31250 # Pa (Factored) = 85 #
D = 4.50 ft MF = 661577 ft-#

Pv = 21088 # Pp = 192595 #
G.D. = 0.86 ft F = 161260 #

Ht Above Grade = 3.75 ft Vert Bearing Pressure = 1326 PSF OK (Pv/Area of Shaft)
β = 10.82 deg ΦTn = F*tanΦD/2 = 226725 ft-# OK (BDM 10.1.5(1))
γ = 105 PCF Kp = 2.98

Φ = 32.00 deg L' = q/(γKp) = 4.15 ft  
Torsion, (Tn) = 159527 ft-# Embedment Check = 0.00 OK

z = 3.86 ft  
H= 21.17

Mu = 741660 ft-#
Vu = 31335 ft-#

Check against Allowable Lateral Bearing Pressures:

Maximum Applied Soil Pressure Per Classical Broms'= 4087 PSF (Kp*γ*L)

Allowable Lateral Bearing Pressure exceeded, therefore use modified Broms' method

Classical Broms' Equations Modified Broms' Equations

Where;

Allowable Lateral Bearing 
Pressure =

1300 PSF
From Geotech 
Report, Case 5

Embedment 
Check

Ultimate 
Moment in 

Shaft

Allowable Vertical Bearing 
Pressure =

2000 PSF Sec. 5.4 of Geotech Report

1B - 5714+67.00 - ST-014



Licensee stated below acknowledges that STRUCTUREPOINT (SP) is not and cannot be responsible for either the accuracy or adequacy of the material 
supplied as input for processing by the spColumn computer program. Furthermore, STRUCTUREPOINT neither makes any warranty expressed nor implied 
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1. General Information 
File Name E:\Project folders\Exeltec...\Left 

Foundation.col
Project 1906 - 1B - 5714+67.00 -ST-014
Column Left FDN
Engineer JMW
Code ACI 318-14
Bar Set ASTM A615
Units English
Run Option Investigation
Run Axis X - axis
Slenderness Not Considered
Column Type Structural
Capacity Method Critical capacity

2. Material Properties 
2.1. Concrete 
Type Standard
f'c 4 ksi
Ec 3605 ksi
fc 3.4 ksi
εu 0.003 in/in
β1 0.85

2.2. Steel 
Type Standard
fy 60 ksi
Es 29000 ksi
εyt 0.00206897 in/in

3. Section 
3.1. Shape and Properties 
Type Circular
Diameter 54 in
Ag 2290.22 in2

Ix 417393 in4

Iy 417393 in4

rx 13.5 in
ry 13.5 in
Xo 0 in
Yo 0 in
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3.2. Section Figure 

Circular 54 x 54 in 0.87% reinf.

Figure 1: Column section

4. Reinforcement 
4.1. Bar Set: ASTM A615 

Bar Diameter Area Bar Diameter Area Bar Diameter Area
in in2 in in2 in in2

#3 0.38 0.11 #4 0.50 0.20 #5 0.63 0.31
#6 0.75 0.44 #7 0.88 0.60 #8 1.00 0.79
#9 1.13 1.00 #10 1.27 1.27 #11 1.41 1.56

#14 1.69 2.25 #18 2.26 4.00

4.2. Confinement and Factors 
Confinement type Spiral
For #11 bars or less #4 ties
For larger bars #4 ties

Capacity Reduction Factors
Axial compression, (a) 0.85
Tension controlled ɸ, (b) 0.9
Compression controlled ɸ, (c) 0.75

4.3. Arrangement 
Pattern All sides equal
Bar layout Circular
Cover to Longitudal bars
Clear cover 4 in
Bars 20 #9

Total steel area, As 20.00 in2

Rho 0.87 %
Minimum clear spacing 5.89 in
(Note: Rho < 1.0%)

y

x
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5. Factored Loads and Moments with Corresponding Capacity Ratios 
NOTE: Calculations are based on "Critical Capacity" Method.

No. Demand Capacity Parameters at Capacity Capacity
Pu Mux ɸPn ɸMnx NA Depth εt ɸ Ratio
kip k-ft kip k-ft in

1 21.09 889.26 0.00 1916.37 9.57 0.01249 0.900 0.72
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6. Diagrams 
6.1. PM at θ=0 [deg] 
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with respect to the correctness of the output prepared by the spColumn program. Although STRUCTUREPOINT has endeavored to produce spColumn error 
free the program is not and cannot be certified infallible. The final and only responsibility for analysis, design and engineering documents is the licensee's. 
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in connection with the use of the spColumn program. Licensed to: Exeltech Consulting, Inc.. License ID: 73177-1074122-4-27B80-XXXXX
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1. General Information 
File Name E:\Project folders\Exelte...\Right 

Foundation.col
Project 1906 - 1B - 5714+67.00 -ST-014
Column Right FDN
Engineer JMW
Code ACI 318-14
Bar Set ASTM A615
Units English
Run Option Investigation
Run Axis X - axis
Slenderness Not Considered
Column Type Structural
Capacity Method Critical capacity

2. Material Properties 
2.1. Concrete 
Type Standard
f'c 4 ksi
Ec 3605 ksi
fc 3.4 ksi
εu 0.003 in/in
β1 0.85

2.2. Steel 
Type Standard
fy 60 ksi
Es 29000 ksi
εyt 0.00206897 in/in

3. Section 
3.1. Shape and Properties 
Type Circular
Diameter 54 in
Ag 2290.22 in2

Ix 417393 in4

Iy 417393 in4

rx 13.5 in
ry 13.5 in
Xo 0 in
Yo 0 in
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3.2. Section Figure 

Circular 54 x 54 in 0.87% reinf.

Figure 1: Column section

4. Reinforcement 
4.1. Bar Set: ASTM A615 

Bar Diameter Area Bar Diameter Area Bar Diameter Area
in in2 in in2 in in2

#3 0.38 0.11 #4 0.50 0.20 #5 0.63 0.31
#6 0.75 0.44 #7 0.88 0.60 #8 1.00 0.79
#9 1.13 1.00 #10 1.27 1.27 #11 1.41 1.56

#14 1.69 2.25 #18 2.26 4.00

4.2. Confinement and Factors 
Confinement type Spiral
For #11 bars or less #4 ties
For larger bars #4 ties

Capacity Reduction Factors
Axial compression, (a) 0.85
Tension controlled ɸ, (b) 0.9
Compression controlled ɸ, (c) 0.75

4.3. Arrangement 
Pattern All sides equal
Bar layout Circular
Cover to Longitudal bars
Clear cover 4 in
Bars 20 #9

Total steel area, As 20.00 in2

Rho 0.87 %
Minimum clear spacing 5.89 in
(Note: Rho < 1.0%)

y

x
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5. Factored Loads and Moments with Corresponding Capacity Ratios 
NOTE: Calculations are based on "Critical Capacity" Method.

No. Demand Capacity Parameters at Capacity Capacity
Pu Mux ɸPn ɸMnx NA Depth εt ɸ Ratio
kip k-ft kip k-ft in

1 21.09 741.66 0.00 1916.37 9.57 0.01249 0.900 0.68
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6. Diagrams 
6.1. PM at θ=0 [deg] 
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I405 Renton - Bellevue Widening

Foundation Design For Sign
Structure. (1B - 5714+67.00 -
ST-014)

The embedment required for left and right foundation is 13.88' and 13.05' Respectively .
Providing a Embedment of 14' for both foundations.

Shaft Diameter = 4.5'

Longitudinal reinforcement = 20-#9 Bars

Transverse reinforcement = #4 Spiral reinforcement.

This reinforcement values have been verified using SpColumn and are satisfactory.

SSO

09-29-2021

PW/SJK

09-29-2021



1B - 5731+02.00LT - ST-015



SHEET

OF

SHEETS

REGION

NO.

SHEET

NO.

TOTAL

SHEETS

DESCRIPTION

WASH.

STATE

JOB NUMBER

FED. AID. PROJ. NO.

S
R
 
 
 
 
 
 
 
 
 
 
F
IL

E
 

N
O
. 
 
 
 
 
 
 
 
S

H
E

E
T

12/10/2021

4:09:33 PM

10

C:\pwworking\wsdot\dms16392\XL5467_DE_ST_015.dgn
Washington State

Department of Transportation

DATEDATE

XL5467

AND EXPRESS TOLL LANES PROJECT

I-405; RENTON TO BELLEVUE WIDENINGDesign Mgr:

Designed By:

Checked By:

Detailed By:

Date:

Time: NODATE

Current Revision By:

RELEASE FOR CONSTRUCTION RECORD

E.O.R. 1 STAMP BOX E.O.R. 2 STAMP BOX

PLAN REF. NO.

O. SACHIN

M. TUMANOV

BRIAN BELL

ST
AT

EOFWASHINGTON

P
R
O
FESSIONAL ENGI

N
E
E
RST

R
U

CTURALEN
GI

N
E
E
R

27430

A
L

LI
V

URUK J HS
O

T
N

A
S

C9242

CONTRACT NO.

M. BUDSBERG

4'-0"

2
'-

6
"

16'-0" 20'-0" 18'-6"21'-2"

6'-0" 6'-0"

2'-6"

6'-0"

LANE

11'-0"

SHDR

9'-7"

LANE

11'-0"

SHDR

10'-0"

LANE

11'-0"

AT ¢ SPAN

MAX. CAMBER 

V
E

R
T
. 

C
L
R
.

2
0
'-

0
" 

M
IN
.

 

SSD-A03

SSD-A03

SSD-A04

 

 

L
 
B

E
A

M
CL
 
B

E
A

M
C

(BOT. OF BASE PLATE)

C

SPLICE #1
L BOLTED 

(BOT. OF BASE PLATE)

C

SPLICE #1
L BOLTED C

SPLICE #2
L BOLTED C

SPLICE #2
L BOLTED 

L POSTC L POSTC

 LINE
EXIST GROUND

30-3SIGN

 

 

H
 
=
 
2
6
'-

2
"

10
'-

6
"

H
 
=
 
2
6
'-

2
"

15'-7" 35'-0" 15'-7"

SPAN LENGTH = 78'-2"

17
'-

6
"

BEAM CAMBER DIAGRAM

S = 78'-2"
(TYP)

"S"/4

0.75 CAMBER

CAMBER

5" ±1"

HORIZONTAL

L
 
B

E
A

M
C

CL SPAN

L POSTCL POSTC

 

H
E
IG

H
T
 

½
 
S
IG

N H
E
IG

H
T
 

½
 
S
IG

N

 

38'-0" OFFSET

LANE

11'-0"

SEE DETAIL 3

-

SEE DETAIL 2

-

SEE DETAIL 1

-

SB I405 LINE

FINAL GRADE

¢ SPAN

ELEV. 81.30 ELEV. 81.30

ELEV. 78.70
ELEV. 77.55

ELEV. 77.37

ST-015

SIGN BRIDGE

SB I405 STA 5731+07.00 RT

SB I405 STA 5731+02.00 LT

SHDR

"2
1

9'-6

(BOT. OF BARRIER)

30-11
SIGN

30-14
SIGN

30-4B
SIGN

30-4A SIGN

ELEVATION

STRUCTURE SHALL BE 800 SQ. FT.

THE MAXIMUM SIGN AREA ON THIS 

LOOKING AHEAD ON STATIONING

SSD-A11

SEE SHEET SSD-A10 AND 

FOUNDATION TYPE 1 CAP

ELEV. 76.46

"Z
" 

R
IG

H
T

"Z
" 

L
E

F
T

SEE SHEETS SSD-A10 AND SSD-A13

WITH BARRIER SHAPE CAP

FOUNDATION TYPE 1

(TO REMAIN)

EXACT LOCATION NOT SHOWN, VERIFY IN FIELD

EXISTING ITS CONDUIT.

(TO REMAIN)

EXACT LOCATION NOT SHOWN, VERIFY IN FIELD

EXISTING 18" STORM LINE.

TO CLEAR FOUNDATION

REROUTE AS REQUIRED 

ILLUMINATION CONDUIT

PROPOSED

 

40'-0Â" OFFSET

8'-0Â"

ELEV. 76.87

TYP.

 STORM LINE

PROPOSED 24"

WEST 5

NOISE WALL

PROPOSED 

POSTS (V) BEAM A (V) BEAM B (V) BEAM C (V) POST BASE (V) BOLTED SPLICE #1 BOLTED SPLICE #2

"A"

1'-6" 2'-3"

"B" "T1"

2'-3"

"B"

2'-0"

"C" "T2"

2'-3"

"B"

2'-0"

"C" "T2"

2'-3"

"B" "C" "T2"

1-3/4"

"D1" "S5" "S6" "T3" "T6" "S1" "S2" "S3" "S4""T4" "T5" "S1" "S2" "S3" "S4"

2-1/4"

"T4" "T5"

5/8" 5/8" 5/8" 5/8" 4.00 4.00 3" 3/4"6.00 N/A 5.00 N/A 2" 5/8"6.00 N/A 5.00 N/A 3/4"

MONOTUBE SIGN BRIDGE TABLE

2'-0"

NOTES:

4'-6" 13'-0"

FOUNDATION (TYPE 1)

RIGHT 4'-6" 13'-0"

SOIL CASE *

LEFT

OFFSET

#9

SIZE ("X")

VERTICAL REBAR 

BARS ("Y")

NO. OF VERTICAL 

20

#9 20

("Z")

DEPTH

CASE 3

CASE 5

ø

SHAFT

TRANSITION.

SEE PAVING PLAN SHEET PV-30 FOR BARRIER 5.

PLAN ON SHEET SN-30.

THE SIGN & SIGN STRUCTURE ARE SHOWN IN 4.

SHOWN ON SHEET SSD-A01.

GENERAL NOTES FOR SIGN STRUCTURES ARE 3.

STRUCTURES - SEG 1B DATED 09/28/2021.

PER THE GEOTECHINCAL REPORT MONOTUBE POLE 

* ASSUMED SOIL TYPE CASES ARE IDENTIFIED 2.

ROADWAY, DRAINAGE, AND ITS PLANS.

SHOWN HERE FOR REFERENCE ONLY PER 

ROADWAY, DRAINAGE, AND ITS INFORMATION 1.

FINAL DESIGN
NOT FOR CONSTRUCTION
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I405 Renton-Bellevue Widening

Member Size Determination.
(1B - 5731+02.00LT - ST-015)

h1 and h2 are measured from the bottom of base plate to the center of the horizontal
member.

L is measured as the center to center distance between the Vertical Members.

Signs Mounted on Sign Bridge:

1. SIGN NO. 30-4A

Dimension of sign:

L = 16' H = 10.5'

Area of Sign (A1) = L x H = 16*10.5 = 168 sqft.

2. SIGN NO. 30-3

L = 20'   H = 17.5'

Area of Sign (A2) = L x H = 20 x 17.5 = 350 sqft.

3. SIGN NO. 30-4B

L = 6'   H = 2.5'

Area of Sign (A3) = L x H = 6 x 2.5 = 15 sqft.

4. SIGN NO. 30-14

L = 5'   H = 3.5'

Area of Sign (A4) = L x H = 5 x 3.5 = 17.5 sqft.

SSO

09-29-2021

PW/SJK

09-29-2021
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I405 Renton-Bellevue Widening

Member Size Determination.
(1B - 5731+02.00LT - ST-015)

5. SIGN NO. 30-11

Dimension of sign:

L = 5' H = 3'

Area of Sign (A5) = L x H = 5*3 = 15 sqft.

Total Area of Sign = A1 + A2 + A3 + A4 + A5 = 565.5 sqft.

SSO

09-29-2021

PW/SJK

09-29-2021



Project: I405 Renton-Bellevue Engineer: SSO Project #
Widening Date: 6/11/2021 1906

Subject: Sizing of Sign Bridge Members. Checker: JTM Page
Date: 6/11/2021

Total Span Length, "S" = 78.17 ft (Centerline of posts)
Post Height, H = 26.17 ft (Bottom of base plate to CL of beam)
Total Sign Area = 565.5 sqft

Post Data
Hmax, ft A, ft B, ft T1, in D1, in S5 S6 T3, in T, in

26.17 1.50 2.25 0.63 1.75 4.00 4.00 3.00 0.75

Beam A
L1, ft B, ft C, ft T2, in camber, in
6.00 2.25 2.00 0.63 5

Beam B
L2, ft B, ft C, ft T2, in
15.59 2.25 2.00 0.63

Beam C
L3, ft B, ft C, ft T2, in
35.00 2.25 2.00 0.63

Beam D
L4, ft B, ft C, ft T2, in
N/A N/A N/A N/A

Splice 1
S1 S2 S3 S4 T4, in T5, in

6.00 N/A 5.00 N/A 2.00 0.63

Splice 2
S1 S2 S3 S4 T4, in T5, in

6.00 N/A 5.00 N/A 2.25 0.75

Splice 3
S1 S2 S3 S4 T4, in T5, in

N/A N/A N/A N/A N/A N/A

Max Allowable Sign Area, per BDM 800 sqft

This sheet will check WSDOT BDM Table 10.1.4-1 for an approved sign bridge layout, given the following design 
info:

DESIGN IS POSSIBLE

HORIZONTAL MEMBER DIMENSION

B
C

T2

TOP OF SIGN
STRUCTURE

ERTICAL MEMBER DIMENSION

A

B

T1

FLOW OF
TRAFFIC

VERTICAL MEMBER DIMENSION



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B-5731+02.00LT - ST-015.

Project Number: 1906 

Calculation By: SSO Date:09/29/21

Check By:PW/SJK Date: 09/29/21

To Determine the Wind Load Acting on the Sign Structure.

As per WSDOT BDM 10.1.1 D, Basic wind speed of 115mph shall be used in computing 
design wind pressure using equation 3.8.1-1 of AASHTO LRFD Specifications for Structural 
Supports for Highway Signs, Luminaires and Traffic Signals.

The references pertaining to AASHTO refer to AASHTO LRFD Specifications for Structural 
Supports for Highway Signs, Luminaires and Traffic Signals hence forth unless mentioned 
otherwise.

≔Pz ⋅⋅⋅⋅⋅0.00256 Kz Kd G V
2
Cd AASHTO EQN 3.8.1-1

V = Basic Wind Speed (mph)

Kz = Height and Exposure Factor per AASHTO Article 3.8.4

Kd = Directionality Factor per AASHTO Article 3.8.5

G = Gust Effect Factor per AASHTO 3.8.6

Cd = Drag Coefficient per AASHTO 3.8.7

To determine Basic Wind Speed

≔V 115 mph WSDOT BDM 10.1.1.D

To determine Height and Exposure Factor, Kz

z = Greater of 16 ft or Height above ground at which the pressure is calculated.

≔h 29.89 ft

≔z =if

else

>h 16 ft
‖
‖h

‖
‖16 ft

29.89 ft

≔zg 900 ft AASHTO 3.8.4

≔α 9.5 AASHTO 3.8.4



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B-5731+02.00LT - ST-015.

Project Number: 1906 

Calculation By: SSO Date:09/29/21

Check By:PW/SJK Date: 09/29/21

≔Kz =⋅2
⎛
⎜
⎝
―
z

zg

⎞
⎟
⎠

―
2

α

0.977

To determine Directionality Factor, Kd

≔Kd 0.85 AASHTO Table 3.8.5-1

Support with Horizontal arms or members supporting sign and/or signals.

To determine Gust Effect Factor, G

≔G 1.14 AASHTO 3.8.6



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B-5731+02.00LT - ST-015.

Project Number: 1906 

Calculation By: SSO Date:09/29/21

Check By:PW/SJK Date: 09/29/21

To Determine Drag Coeffocent, Cd

≔Cdh 1.3 AASHTO T3.8.7-1

Assuming Cd = 1.3 for horizontal members to be conservative.

≔Cdv 2.0 AASHTO T3.8.7-1

Assuming Cd = 2.0 for vertical members to be conservative.



Project: I405 Renton-Bellevue Widening

Subject: Wind Load Calculation for Sign Structures

1B-5731+02.00LT - ST-015.

Project Number: 1906 

Calculation By: SSO Date:09/29/21

Check By:PW/SJK Date: 09/29/21

To determine Wind Pressure (Pz)  for Horizontal Members.

=Kz 0.977

=Kd 0.85

=G 1.14

=V 115 mph

=Cdh 1.3

≔Pz ⋅⋅⋅⋅⋅⋅0.00256 Kz Kd G V
2
Cdh psf AASHTO EQN 3.8.1-1

=Pz 41.651 psf

To determine Wind Pressure (Pz)  for Vertical Members.

=Kz 0.977

=Kd 0.85

=G 1.14

=V 115 mph

=Cdv 2

≔Pz ⋅⋅⋅⋅⋅⋅0.00256 Kz Kd G V
2
Cdv psf AASHTO EQN 3.8.1-1

=Pz 64.078 psf
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(0,26.17',0) (78.17',26.17',0)

(78.17',0,0)

I405 Renton-Bellevue Widening

RISA Model Input 
(1B - 5731+02.00LT - ST-015)

Loads Acting on the Sign Structure:

DL = 3.25psf distributed over 12ft tall sign structure = 3.25*12 = 39plf

LL = 0

WL = Wind Loading calculated from MathCAD * Trib. Area 

WL on horizontal members = Pzh * 12' = 41.651 * 12' = 499.812plf

WL on vertical members is distributed into two separate components:

BLn = Basic load normal to plane of the structure =  Pzv * A = 64.078*1.5' = 96.117plf

BLt = Basic load transverse to plane of the structure = Pzv * B = 64.078*2.25' = 144.17plf

IL = 3psf distributed over surface area of Members 

IL on horizontal members = 3*(perimeter of member) = 3*2*(2.25+2.00) = 25.5plf

IL on vertical members = 3*(perimeter of member) = 3*2*(1.5+2.25) = 22.5plf

h1 and h2 are measured from the bottom of base plate to the center of the horizontal
member.

L is measured as the center to center distance between the Vertical Members.

SSO

09-29-2021

PW/SJK

09-29-2021
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I405 Renton-Bellevue Widening

RISA Model Input 
(1B - 5731+02.00LT - ST-015)

Load Combinations:

IL is assumed to be as a transient load and all loads applicable to LL have been applied to IL.

Strength 1:  1.25DL+1.6L

Extreme 1 (Max): 1.1DL+1.0W 

Extreme 1 (Max) Case 1: 1.1DL + 1.0Wh + 1.0(BLn)

Extreme 1 (Max) Case 2: 1.1DL + 1.0Wh + 1.0(BLt)

Extreme 1 (Max) Case 3: 1.1DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

Extreme 1 (Min): 0.9DL+1.0W

Extreme 1 (Max) Case 1: 0.9DL + 1.0Wh + 1.0(BLn)

Extreme 1 (Max) Case 2: 0.9DL + 1.0Wh + 1.0(BLt)

Extreme 1 (Max) Case 3: 0.9DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

Service 1: 1.0DL+1.0W

Service 1 (Max) Case 1: 1.0DL + 1.0Wh + 1.0(BLn)

Service 1 (Max) Case 2: 1.0DL + 1.0Wh + 1.0(BLt)

Service 1 (Max) Case 3: 1.0DL + 1.0Wh + 1.0(0.75(BLn)) + 1.0(0.75(BLt))

SSO

09-29-2021

PW/SJK

09-29-2021



Company
Designer
Job Number
Model Name

:
:
:
:

Exeltech
SSO
1906
1B - 5731+02.00LT - ST-015

Checked By : JTM

10/1/2021
9:00:37 PM

RISA-3D.NET version 18.0.0.35935 [ Base Model (1B - 5731+02.00LT - ST-0… Page 1

Model Settings

Number of Reported Sections 5
Number of Internal Sections 97
Member Area Load Mesh Size (in2) 144
Consider Shear Deformation Yes
Consider Torsional Warping Yes

Approximate Mesh Size (in) 24
Transfer Forces Between Intersecting Wood Walls Yes
Increase Wood Wall Nailing Capacity for Wind Loads Yes
Include P-Delta for Walls Yes
Optimize Masonry and Wood Walls Yes
Maximum Number of Iterations 3

Single No
Multiple (Optimum) Yes
Maximum No

Global Axis corresponding to vertical direction Y
Convert Existing Data Yes

Default Global Plane for z-axis XZ

Plate Local Axis Orientation Global

Hot Rolled Steel AISC 15th (360-16): ASD
Stiffness Adjustment Yes (Iterative)
Notional Annex None
Connections AISC 14th (360-10): ASD
Cold Formed Steel AISI S100-16: ASD
Stiffness Adjustment Yes (Iterative)
Wood AWC NDS-18: ASD
Temperature < 100F
Concrete ACI 318-14
Masonry TMS 402-16: ASD
Aluminum AA ADM1-15: ASD
Structure Type Building
Stiffness Adjustment Yes (Iterative)
Stainless AISC 14th (360-10): ASD
Stiffness Adjustment Yes (Iterative)

Analysis Methodology Exact Integration Method
Parme Beta Factor 0.65
Compression Stress Block Rectangular Stress Block
Analyze using Cracked Sections Yes
Leave room for horizontal rebar splices (2*d bar spacing) No
List forces which were ignored for design in the Detail Report Yes

Column Min Steel 1
Column Max Steel 8
Rebar Material Spec ASTM A615
Warn if beam-column framing arrangement is not understood No
Number of Shear Regions 4
Region 2 & 3 Spacing Increase Increment (in) 4

Code ASCE 7-16
Risk Category I
Drift Cat Other
Base Elevation (ft) -999999
Include the weight of the structure in base shear calcs Yes

S1(g) 1

RISA 3D USED FOR ANALYSIS ONLY.
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Designer
Job Number
Model Name

:
:
:
:

Exeltech
SSO
1906
1B - 5731+02.00LT - ST-015

Checked By : JTM

10/1/2021
9:00:55 PM

RISA-3D.NET version 18.0.0.35935 [ Base Model (1B - 5731+02.00LT - ST-0… Page 2

Model Settings (Continued)

SD1(g) 1
SDS(g) 1
TL(sec) 5

T (sec)
T (sec)
Ct 0.02
Ct 0.02
CtExp. 0.75
CtExp. 0.75
R 3
R 3
Ω0 1
Ω0 1
Cd 4
Cd 4
ρ 1
ρ 1



Company
Designer
Job Number
Model Name

:
:
:
:

Exeltech
SSO
1906
1B - 5731+02.00LT - ST-015

Checked By : JTM

10/1/2021
9:00:37 PM

RISA-3D.NET version 18.0.0.35935 [ Base Model (1B - 5731+02.00LT - ST-0… Page 3

Nodes

Label X [ft] Y [ft] Z [ft] Temp [deg F] Detach From Dia…
1 N1 0 0 0
2 N2 0 26.17 0
3 N3 78.17 26.17 0
4 N4 78.17 0 0

Boundary Conditions

Node Label X [k/in] Y [k/in] Z [k/in] X Rot [k-ft/rad] Y Rot [k-ft/rad] Z Rot [k-ft/rad]
1 N1 Reaction Reaction Reaction Reaction Reaction Reaction
2 N4 Reaction Reaction Reaction Reaction Reaction Reaction

Hot Rolled Steel Properties

Label E [ksi] G [ksi] Nu Therm. C…Density [k… Yield [ksi] Ry Fu [ksi] Rt
1 A992 29000 11154 0.3 0.65 0.49 50 1.1 65 1.1
2 A36 Gr.36 29000 11154 0.3 0.65 0.49 36 1.5 58 1.2
3 A572 Gr.50 29000 11154 0.3 0.65 0.49 50 1.1 65 1.1

Hot Rolled Steel Section Sets

Label Shape Type Design List Material Design R… Area [in²] Iyy [in⁴] Izz [in⁴] J [in⁴]
1 Horizonta… 27X24X5/8 Beam Wide Fla… A572 Gr.50 Typical 62.188 5837.785 6996.808 9550.038
2 Vertical M… 18X27X5/8 Column Wide Fla… A572 Gr.50 Typical 54.688 3037.824 5692.238 6000.211

Hot Rolled Member Properties

Label Shape Length [ft] Lb y-y [ft] Lb z-z [ft] Lcomp t… Lcomp… L-Torqu… K y-y K z-z Cb Function
1 M1 Vertical… 26.17 Lateral
2 M2 Vertical… 26.17 Lateral
3 M3 Horizon… 78.17 Lbyy Lateral

Dead Load

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M3 Y -0.039 -0.039 0 %100 Active

Wind Load Wh

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M3 Z -0.499 -0.499 0 %100 Active

Ice Load

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M3 Y -0.026 -0.026 0 %100 Active
2 M1 Y -0.023 -0.023 0 %100 Active
3 M2 Y -0.023 -0.023 0 %100 Active

BLn

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M1 Z -0.096 -0.096 0 %100 Active
2 M2 Z -0.096 -0.096 0 %100 Active

BLt

Member Label Direction Start Magnitud… End Magnitud… Start Location… End Location […Inactive [(k, k-f…
1 M1 X 0.144 0.144 0 %100 Active
2 M2 X 0.144 0.144 0 %100 Active

Basic Load Cases

BLC Des… Category X Gravity Y Gravity Z Gravity Nodal Point Distributed Area(Me… Surface(…
1 Dead Load DL -1 1
2 Live Load LL
3 Wind Loa… WL 1
4 Ice Load SL 3
5 BLn None 2
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Exeltech
SSO
1906
1B - 5731+02.00LT - ST-015

Checked By : JTM

10/1/2021
9:00:37 PM

RISA-3D.NET version 18.0.0.35935 [ Base Model (1B - 5731+02.00LT - ST-0… Page 4

Basic Load Cases (Continued)

BLC Des… Category X Gravity Y Gravity Z Gravity Nodal Point Distributed Area(Me… Surface(…
6 BLt None 2

Load Combinations

De…So… P… S… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa… BLC Fa…
1 Str… Yes Y 1 1.25 2 1.6 4 1.6
2 Ex… Yes Y 1 1.1 3 1 5 1
3 Ex… Yes Y 1 1.1 3 1 6 1
4 Ex… Yes Y 1 1.1 3 1 5 0.75 6 0.75
5 Ex… Yes Y 1 0.9 3 1 5 1
6 Ex… Yes Y 1 0.9 3 1 6 1
7 Ex… Yes Y 1 0.9 3 1 5 0.75 6 0.75
8 Se… Yes Y 1 1 3 1 5 1
9 Se… Yes Y 1 1 3 1 6 1

10 Se… Yes Y 1 1 3 1 5 0.75 6 0.75

Node Reactions

LC Node Label X [k] Y [k] Z [k] MX [k-ft] MY [k-ft] MZ [k-ft]
1 1 N1 7.6663 20.9203 0 0 0 -65.1544
2 1 N4 -7.6663 20.9203 0 0 0 65.1544
3 1 Totals: 0 41.8406 0
4 1 COG (ft): X: 39.085 Y: 21.7601 Z: 0
5 2 N1 5.9554 16.1316 22.0157 546.1942 -96.836 -50.6145
6 2 N4 -5.9554 16.1316 22.0157 546.1942 96.836 50.6145
7 2 Totals: 0 32.2631 44.0315
8 2 COG (ft): X: 39.085 Y: 21.8247 Z: 0
9 3 N1 2.1868 15.7962 19.5035 513.1308 -96.8406 -14.2298

10 3 N4 -9.7237 16.4669 19.5033 513.2405 96.8313 86.9992
11 3 Totals: -7.537 32.2631 39.0068
12 3 COG (ft): X: 39.085 Y: 21.8247 Z: 0
13 4 N1 3.1289 15.8801 21.3877 537.8994 -96.8396 -23.326
14 4 N4 -8.7817 16.3831 21.3876 537.9847 96.8323 77.903
15 4 Totals: -5.6527 32.2631 42.7753
16 4 COG (ft): X: 39.085 Y: 21.8247 Z: 0
17 5 N1 4.8726 13.1986 22.0157 545.6512 -96.836 -41.4119
18 5 N4 -4.8726 13.1986 22.0157 545.6512 96.836 41.4119
19 5 Totals: 0 26.3971 44.0315
20 5 COG (ft): X: 39.085 Y: 21.8247 Z: 0
21 6 N1 1.1039 12.8636 19.5035 512.6137 -96.8406 -5.0474
22 6 N4 -8.6409 13.5336 19.5033 512.7217 96.8314 77.7764
23 6 Totals: -7.537 26.3971 39.0068
24 6 COG (ft): X: 39.085 Y: 21.8247 Z: 0
25 7 N1 2.0461 12.9473 21.3877 537.3633 -96.8395 -14.1385
26 7 N4 -7.6988 13.4498 21.3876 537.4473 96.8324 68.6852
27 7 Totals: -5.6527 26.3971 42.7753
28 7 COG (ft): X: 39.085 Y: 21.8247 Z: 0
29 8 N1 5.414 14.6651 22.0157 545.9148 -96.836 -46.0132
30 8 N4 -5.414 14.6651 22.0157 545.9148 96.836 46.0132
31 8 Totals: 0 29.3301 44.0315
32 8 COG (ft): X: 39.085 Y: 21.8247 Z: 0
33 9 N1 1.6453 14.3299 19.5035 512.8768 -96.8406 -9.6384
34 9 N4 -9.1823 15.0002 19.5033 512.9864 96.8313 82.388
35 9 Totals: -7.537 29.3301 39.0068
36 9 COG (ft): X: 39.085 Y: 21.8247 Z: 0
37 10 N1 2.5875 14.4137 21.3877 537.6239 -96.8395 -18.7324
38 10 N4 -8.2403 14.9164 21.3876 537.7079 96.8324 73.294
39 10 Totals: -5.6527 29.3301 42.7753
40 10 COG (ft): X: 39.085 Y: 21.8247 Z: 0



Project: I405 Renton-Bellevue Engineer: SSO Project #
Date: 6/25/2021 1906

Subject: Checker: JTM Page
Date: 6/25/2021

Load Combination Joint Label X (kip) Y (kip) Z (kip) Mx (k-ft) My (k-ft) Mz (k-ft) Resultant Shear (SRSS) (kip) Resultant Moment (SRSS) (k-ft)
1 N1 7.67 20.92 0.00 0.00 0.00 -65.15 22.28 65.15
1 N4 -7.67 20.92 0.00 0.00 0.00 65.15 22.28 65.15
2 N1 5.96 16.13 22.02 546.19 -96.84 -50.61 27.94 557.02
2 N4 -5.96 16.13 22.02 546.19 96.84 50.61 27.94 557.02
3 N1 2.19 15.80 19.50 513.13 -96.84 -14.23 25.19 522.38
3 N4 -9.72 16.47 19.50 513.24 96.83 87.00 27.31 529.49
4 N1 3.13 15.88 21.39 537.90 -96.84 -23.33 26.82 547.04
4 N4 -8.78 16.38 21.39 537.98 96.83 77.90 28.34 552.15
5 N1 4.87 13.20 22.02 545.65 -96.84 -41.41 26.13 555.72
5 N4 -4.87 13.20 22.02 545.65 96.84 41.41 26.13 555.72
6 N1 1.10 12.86 19.50 512.61 -96.84 -5.05 23.39 521.71
6 N4 -8.64 13.53 19.50 512.72 96.83 77.78 25.26 527.55
7 N1 2.05 12.95 21.39 537.36 -96.84 -14.14 25.08 546.20
7 N4 -7.70 13.45 21.39 537.45 96.83 68.69 26.41 550.40
8 N1 5.41 14.67 22.02 545.91 -96.84 -46.01 27.00 556.34
8 N4 -5.41 14.67 22.02 545.91 96.84 46.01 27.00 556.34
9 N1 1.65 14.33 19.50 512.88 -96.84 -9.64 24.26 522.03
9 N4 -9.18 15.00 19.50 512.99 96.83 82.39 26.26 528.51

10 N1 2.59 14.41 21.39 537.62 -96.84 -18.73 25.92 546.60
10 N4 -8.24 14.92 21.39 537.71 96.83 73.29 27.35 551.25

Maximum Moment (kip-ft)=

Maximum Shear (kip) = 28.34

557.02

Shear Moment

Widening
Reactions from RISA Model
For Sign Structures.



Project: I405 Renton-Bellevue Engineer: SSO Project #
Widening 10/1/2021 1906

Subject: Checker: JTM Page
Design for Sign Structure Foundation 10/1/2021

Sign Structure = Foundation = Left (based on elevation view)

L = 12.78 ft Ka = 0.35
M = 557020 ft-# Pa (Unfactored) = 417 #
VF = 28340 # Pa (Factored) = 625 #
D = 4.50 ft MF = 675079 ft-#

Pv = 20920 # Pp = 202359 #
G.D. = 2.15 ft F = 173394 #

Ht Above Grade = 2.00 ft Vert Bearing Pressure = 1315 PSF OK (Pv/Area of Shaft)
β = 25.54 deg ΦTn = F*tanΦD/2 = 283450 ft-# OK (BDM 10.1.5(1))
γ = 115 PCF Kp = 2.34

Φ = 36.00 deg L' = q/(γKp) = 5.58 ft  
Torsion, (Tn) = 96840 ft-# Embedment Check = 0.00 OK

z = 4.19 ft  
H= 23.82

Mu = 747719 ft-#
Vu = 28965 ft-#

Check against Allowable Lateral Bearing Pressures:

Maximum Applied Soil Pressure Per Classical Broms'= 3435 PSF (Kp*γ*L)

Allowable Lateral Bearing Pressure exceeded, therefore use modified Broms' method

Classical Broms' Equations Modified Broms' Equations

Where;

2000 PSF

Embedment 
Check

Ultimate 
Moment in 

Shaft

1B - 5731+02.00LT - ST-015

Allowable Vertical Bearing 
Pressure =

Allowable Lateral Bearing 
Pressure =

1500 PSF
From Geotech 
Report, Case 3

Sec. 5.4 of Geotech Report



Project: I405 Renton-Bellevue Engineer: SSO Project #
Widening 10/1/2021 1906

Subject: Checker: JTM Page
Design for Sign Structure Foundation 10/1/2021

Sign Structure = Foundation = Right (based on elevation view)

L = 12.67 ft Ka = 0.31
M = 557020 ft-# Pa (Unfactored) = 2 #
VF = 28340 # Pa (Factored) = 4 #
D = 4.50 ft MF = 668396 ft-#

Pv = 20920 # Pp = 188915 #
G.D. = 0.18 ft F = 160572 #

Ht Above Grade = 3.75 ft Vert Bearing Pressure = 1315 PSF OK (Pv/Area of Shaft)
β = 0.00 deg ΦTn = F*tanΦD/2 = 225757 ft-# OK (BDM 10.1.5(1))
γ = 105 PCF Kp = 3.25

Φ = 32.00 deg L' = q/(γKp) = 3.80 ft  
Torsion, (Tn) = 96840 ft-# Embedment Check = 0.00 OK

z = 3.52 ft  
H= 23.58

Mu = 734601 ft-#
Vu = 28344 ft-#

Check against Allowable Lateral Bearing Pressures:

Maximum Applied Soil Pressure Per Classical Broms'= 4329 PSF (Kp*γ*L)

Allowable Lateral Bearing Pressure exceeded, therefore use modified Broms' method

Classical Broms' Equations Modified Broms' Equations

Where;

Allowable Vertical Bearing 
Pressure =

2000 PSF Sec. 5.4 of Geotech Report

1B - 5731+02.00LT - ST-015

Allowable Lateral Bearing 
Pressure =

1300 PSF
From Geotech 
Report, Case 5

Embedment 
Check

Ultimate 
Moment in 

Shaft
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1. General Information 
File Name E:\Project folders\Exeltec...\Left 

Foundation.col
Project 1906 - 1B - 5714+67.00 -ST-014
Column Left FDN
Engineer JMW
Code ACI 318-14
Bar Set ASTM A615
Units English
Run Option Investigation
Run Axis X - axis
Slenderness Not Considered
Column Type Structural
Capacity Method Critical capacity

2. Material Properties 
2.1. Concrete 
Type Standard
f'c 4 ksi
Ec 3605 ksi
fc 3.4 ksi
εu 0.003 in/in
β1 0.85

2.2. Steel 
Type Standard
fy 60 ksi
Es 29000 ksi
εyt 0.00206897 in/in

3. Section 
3.1. Shape and Properties 
Type Circular
Diameter 54 in
Ag 2290.22 in2

Ix 417393 in4

Iy 417393 in4

rx 13.5 in
ry 13.5 in
Xo 0 in
Yo 0 in
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3.2. Section Figure 

Circular 54 x 54 in 0.87% reinf.

Figure 1: Column section

4. Reinforcement 
4.1. Bar Set: ASTM A615 

Bar Diameter Area Bar Diameter Area Bar Diameter Area
in in2 in in2 in in2

#3 0.38 0.11 #4 0.50 0.20 #5 0.63 0.31
#6 0.75 0.44 #7 0.88 0.60 #8 1.00 0.79
#9 1.13 1.00 #10 1.27 1.27 #11 1.41 1.56

#14 1.69 2.25 #18 2.26 4.00

4.2. Confinement and Factors 
Confinement type Spiral
For #11 bars or less #4 ties
For larger bars #4 ties

Capacity Reduction Factors
Axial compression, (a) 0.85
Tension controlled ɸ, (b) 0.9
Compression controlled ɸ, (c) 0.75

4.3. Arrangement 
Pattern All sides equal
Bar layout Circular
Cover to Longitudal bars
Clear cover 4 in
Bars 20 #9

Total steel area, As 20.00 in2

Rho 0.87 %
Minimum clear spacing 5.89 in
(Note: Rho < 1.0%)

y

x



STRUCTUREPOINT - spColumn v7.00 Page | 5
Licensed to: Exeltech Consulting, Inc.. License ID: 73177-1074122-4-27B80-XXXXX 12/2/2021
E:\Project folders\Exeltech\Sign Structures\1B\Std. signs\1B - 5731+02.00LT ...\Left Foundation.col 2:29 AM

5. Factored Loads and Moments with Corresponding Capacity Ratios 
NOTE: Calculations are based on "Critical Capacity" Method.

No. Demand Capacity Parameters at Capacity Capacity
Pu Mux ɸPn ɸMnx NA Depth εt ɸ Ratio
kip k-ft kip k-ft in

1 20.92 747.72 0.00 1916.37 9.57 0.01249 0.900 0.69
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6. Diagrams 
6.1. PM at θ=0 [deg] 
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in connection with the use of the spColumn program. Licensed to: Exeltech Consulting, Inc.. License ID: 73177-1074122-4-27B80-XXXXX

  

spColumn v7.00
Computer program for the Strength Design of Reinforced Concrete Sections

Copyright - 1988-2021, STRUCTUREPOINT, LLC.
All rights reserved

 

y
x



STRUCTUREPOINT - spColumn v7.00 Page | 2
Licensed to: Exeltech Consulting, Inc.. License ID: 73177-1074122-4-27B80-XXXXX 12/2/2021
E:\Project folders\Exeltech\Sign Structures\1B\Std. signs\1B - 5731+02.00LT...\Right Foundation.col 2:31 AM

 Contents
1. General Information .........................................................................................................................................3
2. Material Properties...........................................................................................................................................3

2.1. Concrete...................................................................................................................................................3
2.2. Steel .........................................................................................................................................................3

3. Section.............................................................................................................................................................3
3.1. Shape and Properties...............................................................................................................................3
3.2. Section Figure ..........................................................................................................................................4

4. Reinforcement .................................................................................................................................................4
4.1. Bar Set: ASTM A615 ................................................................................................................................4
4.2. Confinement and Factors .........................................................................................................................4
4.3. Arrangement.............................................................................................................................................4

5. Factored Loads and Moments with Corresponding Capacity Ratios...............................................................5
6. Diagrams .........................................................................................................................................................6

6.1. PM at θ=0 [deg] ........................................................................................................................................6

 List of Figures
Figure 1: Column section.....................................................................................................................................4



STRUCTUREPOINT - spColumn v7.00 Page | 3
Licensed to: Exeltech Consulting, Inc.. License ID: 73177-1074122-4-27B80-XXXXX 12/2/2021
E:\Project folders\Exeltech\Sign Structures\1B\Std. signs\1B - 5731+02.00LT...\Right Foundation.col 2:31 AM

1. General Information 
File Name E:\Project folders\Exelte...\Right 

Foundation.col
Project 1906 - 1B - 5714+67.00 -ST-014
Column Right FDN
Engineer JMW
Code ACI 318-14
Bar Set ASTM A615
Units English
Run Option Investigation
Run Axis X - axis
Slenderness Not Considered
Column Type Structural
Capacity Method Critical capacity

2. Material Properties 
2.1. Concrete 
Type Standard
f'c 4 ksi
Ec 3605 ksi
fc 3.4 ksi
εu 0.003 in/in
β1 0.85

2.2. Steel 
Type Standard
fy 60 ksi
Es 29000 ksi
εyt 0.00206897 in/in

3. Section 
3.1. Shape and Properties 
Type Circular
Diameter 54 in
Ag 2290.22 in2

Ix 417393 in4

Iy 417393 in4

rx 13.5 in
ry 13.5 in
Xo 0 in
Yo 0 in
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3.2. Section Figure 

Circular 54 x 54 in 0.87% reinf.

Figure 1: Column section

4. Reinforcement 
4.1. Bar Set: ASTM A615 

Bar Diameter Area Bar Diameter Area Bar Diameter Area
in in2 in in2 in in2

#3 0.38 0.11 #4 0.50 0.20 #5 0.63 0.31
#6 0.75 0.44 #7 0.88 0.60 #8 1.00 0.79
#9 1.13 1.00 #10 1.27 1.27 #11 1.41 1.56

#14 1.69 2.25 #18 2.26 4.00

4.2. Confinement and Factors 
Confinement type Spiral
For #11 bars or less #4 ties
For larger bars #4 ties

Capacity Reduction Factors
Axial compression, (a) 0.85
Tension controlled ɸ, (b) 0.9
Compression controlled ɸ, (c) 0.75

4.3. Arrangement 
Pattern All sides equal
Bar layout Circular
Cover to Longitudal bars
Clear cover 4 in
Bars 20 #9

Total steel area, As 20.00 in2

Rho 0.87 %
Minimum clear spacing 5.89 in
(Note: Rho < 1.0%)

y

x
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5. Factored Loads and Moments with Corresponding Capacity Ratios 
NOTE: Calculations are based on "Critical Capacity" Method.

No. Demand Capacity Parameters at Capacity Capacity
Pu Mux ɸPn ɸMnx NA Depth εt ɸ Ratio
kip k-ft kip k-ft in

1 20.92 734.60 0.00 1916.37 9.57 0.01249 0.900 0.68
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6. Diagrams 
6.1. PM at θ=0 [deg] 
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I405 Renton - Bellevue Widening

Foundation Design For Sign
Structure. (1B - 5731+02.00LT -
ST-015)

The embedment required for left and right foundation is 12.78' and 12.67' respectively,
Providing a Embedment of 13' for both.

Shaft Diameter = 4.5'

Longitudinal reinforcement = 20-#9 Bars

Transverse reinforcement = #4 Spiral reinforcement.

This reinforcement values have been verified using SpColumn and are satisfactory.

SSO

09-29-2021

PW/SJK

09-29-2021
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